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ARCO Products Company

1990 West Crescent Avenue
Anaheim, Catifornia 92801

Mailing Address: Box 61004
Anaheim, California 92803-6104 ) . : ‘ '
Telephone 714 491 6800 ’

March 22, 19891

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant identification Branch
Stationary Source Divsion '

Air Resources Board

Attn: 1,3-Butadiene

P. 0. Box 2815

Sacramento, CA 95812

Dear Mé. Shiroma:

The preliminary draft proposing to identify 1,3-butadiene as a
california Toxic Air Contaminant (TAC) does not contain a "best
value® unit risk estimate. A similar draft report on Formaldehyde
dated February, 1981 does contain such a "best value" estimate
along with the range of risks typically provided in such reports.
The Department of Health (DHS) Services has been providing such
"hest values" for Proposition 65, and Hot Spot programs which fall
within the range of unit risk estimates for the TAC.

It is recommended that DHS determine a . "pest value" unit risk
estimate for 1,3-butadiene within the current TAC process. Such a
value will be needed, and, we believe, would be best set during
the process of establishing the range of risk under the TAC
progranm.

Please call me at the above phone number if you wish to discuss our
recommendation further.

Very truly yours,

Smith
MANAGER, EH&S SERVICES

cc: George Alexeef DHS
Kelly Hughes CARB
J. E. Richey ARCO
D. J. Townsend ARCO
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American Petroleum Institute
1220 L Street, Northwest
Washington, D.C. 20005

202-682-8080 1 )

Terry F. Yosie
Vice President

March 22, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Atin: 1,3,-Butadiene

P.O. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma:

The American Petroleum Institute is pieased to submit its views on the State of
California Air Resources Board (CARB) recently published document, Preliminary Draft
Technical Support Document for the Proposed Identification of 1,3-Butadiene as a Toxic Air
Contaminant (February 1991). At this time, our comments pertain solely to Part B, the .
"Draft Health Assessment Document”.

APl is a trade Association representing over 250 companies involved in all aspecis
of the oil and gas industry, including exploration, production, transportation, refining and
marketing.

APl has pérﬁcipated in the development of the extensive comments prepared by the
Chemical Manufacturers's Association (CMA). We subscribe to CMA's -analysis and
suggestions for needed revisions to the Dratt Document.

In particular, API finds that the heavy reliance on studies performed on the B6C3Ft
mouse leads to an overestimate of human risk. This conclusion is based on data which
demonstrate that substantial species differentiation exists among test animals. These data
provide evidence that mice retain larger doses of butadiene, metabolize butadiene more
rapidly, and detoxify the metabolites more slowly than other species, making the mouse
uniquely sensitive to carcinogenic effects of butadiene. Thus, it is appropriate to revise the
human risk estimation based upon an altemate species or to adjust the use of the mouse
data to account for this hypersensitivity.

Thank you for the opportunity to submit API's views. Should you have any
questions, please contact Louise Scott of my staff at (202) 682-8481.

Sincerely,
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CHEMICAL MANUFACTURERS ASSQCIATION

Geraldine V. Cox, Ph.D.
Vice President-Technical Director

March 21, 1991

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: 1,3 Butadiene

P.0. Box 2815

Sacramento, CA 95812

Re: California Air Resources Board Draft Technical Support
Document for 1,3-Butadiene :

Dear Ms. Shiroma:

The Butadiene Panel of the Chemical Manufacturers Association is
pleased to submit the enclosed comments on- CARB's Draft Technical
Support Document for 1,3-Butadiene. "The Panel consists of the major
U.S. producers and some users of butadiene.

The Panel suggests a number of improvements to the Health
Assessment portion of the Document, to enhance its completeness and
‘usefulness. In addition, the Panel believes that the Department of
Health Services' quantitative risk assessment for butadiene
overestimates the potential human risk by a substantial margin. The
Panel recommends adjustments to the potency factor and resulting risk
estimates so they reflect more realistically butadiene’'s potential risk
to humans.

Please direct any questions that you may have regarding these
comments to Dr. Elizabeth J. Moran, Manager of the Butadiene Panel, at
{202)887-1182.

Sincerely yours,

Lol Y/
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2501 M Street, NW, Washington, Dt Telex 89617 (CMAWSH) .






STATE OF CALIFORNIA
AIR RESOURCES BOARD
STATIONARY SOURCE DIVISION

COMMENTS OF THE :
CHEMICAL MANUFACTURERS ASSOCIATION
BUTADIENE PANEL
ON THE PRELIMINARY DRAFT TECHNICAL SUPPORT DOCUMENT
FOR THE PROPOSED IDENTIFICATION OF 1,3~-BUTADIENE
AS A TOXIC AIR CONTAMINANT

Geraldine V. Cox, Ph.D.
Vice President and
Technical Director

Elizabeth J. Moran, Ph.D.
Associate Director, CHEMSTAR
Division, and Manager
Butadiene Panel

March 21, 1991

David F. Zoll, Esq.
Vice President and
General Counsel

-Marilyn D. Browning, Esqg.

Assistant General Counsel

0Of Counsel:

Robert M. Sussman, Esdqd.
Carolyne R. Hathaway, Esqg.
Latham & Watkins
1001 Pennsylvania Ave., N.W.
Suite 1300
Washington, D.C. 20004
(202) 637-2200

CHEMICAIL MANUFACTURERS ASSOCIATION
2501 M Street, N.W.
Washington, D.C.

(202) 887-1100
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EXECUTIVE SUMMARY

The Butadiene Panel of the Chemical Manufacturers
Association has reviewed the Preliminary Draft Technical Support
Document on the Proposed Identification of 1,3-Butadiene as a
Toxic Air Contaminant, prepared for the Callfornla ‘Air Resources
Board ("CARB"). The Panel has focussed mainly on the draft
Health Assessment Document (Part B). The Panel believes that the
quantitative risk estimates included in this draft overstate the
potentlal human cancer risks presented by butadiene by a wide
margin and should be adjusted so that these risks are portrayed
more realistically. In particular, the Panel offers the
following recommendations:

- The Health Assessment Document should emphasize
that, while butadiene is a potent carcinogen in
the BGC3F1 mouse, it is only a weak oncogen in the
rat.

- Recent data on species differences in butadiene
metabolism and mechanism of action indicate that
the mouse is uniquely sensitive to the
carcinogenic effects of butadiene. Therefore, the
rat, not the mouse, is the more appropriate model
for human risk assessment.

- The Hazleton bioassay results for the rat should
be used to calculate the "best estimate" of human
cancer risk. This risk estimate should be
adjusted to reflect recent data on species
differences in butadiene metabolism. In
particular, adjustments should be made for
differences between the rat and primate in blood
levels of the reactive monoepoxide. This approach
woul% predict an upper bound lifetime risk of 9.0
X 10° at 1 ppm.

- If CARB continues to rely on the mouse bioassay
data for risk assessment purposes, it should
exclude the lymphomas from that assessment. These
malignancies are of questionable relevance to
humans. In addition, the risk estimate should be
adjusted to reflect species differences in the
blocod levels of the monoepoxide. These
adjustments would result in an upper bound risk
estimate of 7.8 x 10™* at 1 ppm.

- Shell 0il Company has prepared an alternative risk
analysis based on the rat study and on preliminary
unaudited data from the recent mouse study
conducted by the National Toxicology Program. The
risk assessment incorporates a simplified time to
tumor analysis for the mouse data and takes into
account species differences in butadiene
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metabolism for both the rat and mouse. It
illustrates how such biological data can be .
incorporated and demonstrates that the predicted
risk is much lower when all of the data are used.
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INTRODUCTTON

The State of California Air Resources Board ("CARB")
recently published a Preliminary.Draft of its Technical Support
Document for the Proposed Identification of 1,3-Butadiene as a
Toxic Air Contaminant (February 1991). This document cohsists of
two parts: Part A, the Exposure Assessment, which was prepared
by CARB, and Part B, the Health Assessment, which was prepared by
the California Department of Health Services ("DHS"). The
Eutadiene Panel (the "Panel") of the Chemical Manufacturers
Association ("CMA") is pleased to submit these Comments on both
portions of the Preliminary Draft.

The Panel includes the major United Stateé producers
and importers and some users of butadiene. The Panel member
companies are listed in Appendix A. The Panel is sponsoring
scientific research on butadiene, and has commented extensively
on previous evaluations of the scientific data base for butadiene
by the Occupational Safety and Health Administration ("OSHA"),
the Environmental Protection Agency ("EPA"), the Agency for Toxic
Substances and Disease Registry ("ATSDR"), and other government
agencies. Included as appendices to these Comments are five
witness statements and an alternative risk assessment by Shell
0il Company which were prepared recently in connection with the
ongoing OSHA rulemaking regarding occupational exposure to
butadiene.

The Butadiene Panel believes that DHS's qﬁantitative
risk assessment for butadiene ovérstates the potential human

cancer risk by a substantial margin. We strongly recommend that
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DHS méke adjustments in its risk estimates to reflect more
realistically butadiene's potential risks to the human
population.

DHS has identified a number of studies which
demonstrate substantial species differences in butadiene
metabolism and mechanism of action. However, the DHS
quantitative risk calculations do not fully recognize the limited
relevance of the mouse data for human risk assessment. Moreover,
DHS does not explore alternative risk modeling approaches which
would reflect interspecies differences in response to butadiene.
These Comments address the relevant data regarding species
differences in butadiene metabolism and mechanism of action and
propose modifications in DHS's risk assessment whiéh take these
data into account.

Part I of the Comments reviews the studies which form
the basis for the DHS butadiene hazard evaluation. The Comments
first discuss the major animal carcinogenicity studies on
butadiene. These studies demonstrate that, while butadiene is a
potent carcinogen in the B6C3F1 mouse, it is only a weak
carcinogen in the rat.

The Comments then review the relevant data on species
differences in butadiene metabolism and mechanism of action which
indicate that the B6C3Fl1 mouse is uniquely sensitive to the
carcinogenic effects of butadiene. These data include recent
primate data reported by Dahl et al. {1990) and Sun et al. (1989)

which were omitted from DHS's analysis. These studies
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demonstrate that, for equivalent.inhaled butadiene
concentrations, mice retain larger doses of butadiene, metabolize
butadiene to the :eactive, cércinogenic monoepoxide more rapidly,
detoxify the metabolites more slowly, and attain higher tissue
ievels of butadiene metabolites than the rat or primate. In
addition, cytogenetic and bone marrow effects are seen in the
mouse, but not the rat or primate, and the presence of the
endogenous murine leukemia virus ("MuLV") in the B6C3F1 mouse
(but not the rat or primaté) has been implicated in the
:expression of the malignant lymphoma in that species. These
species differences_indicate that the incidence of lymphoma in
the B6C3F1 mouse has limited relevance to human risk assessment.

 Part iI of the Comments addresses the implications of
the relevant daﬁa for human risk assessment and propbses
adjustments in DHS's quantitative risk estimates. These
recommended adjustments are summarized in Table I.

Based on—the available data, the Comments conclude that

the rat is the more appropriate model on which to base a
‘quantitative estimation of butadiene's human cancer risk. The
Comments also propose several adjustments to DHS's risk
assessment based on the rat bicassay results. _In particular, the
Comments recommend that the DHS quantitative risk estimates be
modified to reflect differences in butadiene metabolism between
rats and primates and that the mammary carcinomas be excluded

from the incidence of total significant tumors. With these
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adjustments, the "best esfimate" of upper bound cancer risk would
be 9.0 x 10 at 1 ppm and 3.3 x 10°® at 0.37 ppb.

If DHS continues to rely on the mouse data from the
1984 study performed by the National Toxicology Program ("NTP")
for its best estimate of cancer risk, the Comments recommend that
the risk estimates be adjusted to reflect specieé differences in
the blood levels of the monoépoxide or, at a minimum, species
differences in butadiene absorption. In addition, since
malignant lymphomas in the B6C3F1 mouse are of questionable
relevance for human cancer risk, the Comments reccmmend that
incidence of lymphoma be excluded from the risk estimation based
on the mouse data from the 1984 NTP study. These adjustments
would result in a potency factor ranging from 7.8 x 107 to
2.0 x 102 at 1 ppm and an upper bound lifetime risk at 0.37 ppb
of from 2.9 x 107 to 7.4 x 10°°.

As another approach, the Comments also describe a risk
assessment prepared by Shell 0il Company using the rat study and
preliminary, unaudited data from the second NTP study in the
B6C3F1l mouse. A copy of Shell's Alternative Risk Assessment is
provided in Appendix G. The Shell risk assessment was prepared
in response to the OSHA proposed 2 ppm workplace standard. The
Shell-estimated risk is not linear with exposure and, thus,
direct .comparisons to the DHS risk estimates are not possible for
ambienf exposure scenarios. The Shell assessment incorporates

available data regarding species differences in butadiene
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response and demonstrates that the predicted risks are much lower
when all of the data are used. |

. Part III of the Comments discusses DHS's evaluation of
butadiene's potential reproductive and deveiopmental risks. This
portion of the Comments takes issue with DHS's conclusion that
6.25 ppm is a LOAEL for reproductive effects in the mouse (based
on the second NTP mouse study). Correctly interpreted, this
study establishes a NOEL for reproductive effects in the mouse of
20 ppm. DHS should also recognize that, in the Hazleton rat
biocassay, no reproductive effects were observed in the rat after
lifetime exposure. to butadiene at levels as high as 8000 ppm. In
light of the unique sensitivity of the mouse to the reproductivé
effects of butadiene.exposure, the absence of reproductive
effects in the fat should take precedence in determining
butadiene's reproductive risk to humans.

Finally, Part iV of the Comments raises several
concerns relating to CARB's procedures for measuring butadiene in
ambient air. In particular, the Comments note that it is not
clear from the descriptioh of CARB's methodology that the
analysis adequately separates butadiene from other four carbon
hydrocarbons which may also be present in ambient air. In
addition, additional information is necessary to evaluate the
validity of the sample collection procedures that were used.
These-issues should be addfessed before CARB's measurements of

ambient air levels of butadiene are adopted.
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I. HAZARD EVAILUATION

A. Animal Carcinogenicity Data Indicate
That Butadiene is a Potent Carcinogen
in the B6C3F1 Mouse But Only a Weak
Carcinogen in the Sprague—-Dawley Rat

DHS's Draft Health Assessment Document describes three
major cancer studies in rodents -- two studies in the B6C3F1
moﬁse sponsored by the National Toxicology Program ("NTP") and
one study in the Sprague-Dawley rat, performed at Hazleton
Laboratories. See Draft Health Assessment Document at 3-28 -
3-32. These studies are discussed in detail in the statement of
Dr. Hinderer of B.F. Goodrich Company (included in Appendix B).

The two NTP mouse bioassays demonstrate that butadiene
is a potent carcinogen in the B6C3F1 mbuse. In the first stﬁdy
("NTP I"), groups of 50 male and 50 female B6C3Fl1l mice were
exposed to 0, 625, and 1250 ppm butadiene six hours per day, five
days per week. NTP (1984). The most prominent finding was the
high mortality from the malignant (thymic) lymphomas, which
resulted in early termination of the study after only 60-61 weeks
of exposure. Significant increases in neoplasms were also
observed at several other sites, including the heart, lung, and
forestomach (all in both sexes) and the mammary gland, ovary, and
liver {females only).

The second NTP study ("NTP II") has not been fully
audite& and reported, but summaries of the unaudited resulfs have
been published in several articles. See Melnick-gg al. (1989%a,

1989b, 1990), Melnick (1989). In this study, B6C3Fl mice were
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exposed to 0, 6.25, 20, 62.5, 200, and 625 ppm butadiene for six
hours per day, five days per week, for periods of up to two
years. Results of this second study confirm that butadiene is a
potent carcinogen in the B6C3F1 mouse. The effects reported at
the two highest doses were similar to those observed in the first
study (high incidence of malignant (thymic) lymphomas causing
early mortality of the animals). At concentrations below 625
ppm, survival was good and lymphocytic lymphoma no longer played
a role as the major cause of early death. However, higher
incidences of heart, lung, Harderian glnnd; liver, preputial
Vgland, and ovafian tumors were noted at these lower
concentrations, where animals had better survival. An excess of
lung tumors was observed in female mice at the low dose of 6.25
ppm.

. In contrast, the results of the Hazleton rat bioassay
sponsored by the Internaticnal Institute of Synthetic Rubber
Producers, Inc. ("IISRP") (see Owen et gl. 1987, 1990),
demonstrate that butadiene is only a weak carcinogen in the rat.
Groups of 110 male and female Sprague-Dawley rats were exposed to
0, 1000, and 8000 ppm butadiene for six hours per day, five days
per week, for more than two years (105 weeks for females dnd 111
weeks for males). Statistically increased incidencés of tumors
were seen at only two sites in each sex: pancreatic exocrine
adenomns and testis Leydig-cell tumors in malés, and mammary
tumors (primarily benign fibroadenomas) and thyroid follicular

cell tumors in females. In the low dose group (1000 ppm), the
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only significantly elevated tumor response was the benign mammary .

tumors. Mammary carcinomas were not significantly elevated even
at the high dose of 8000 ppm (the incidence of malignant mammary
tumors was as follows: O ppm-18; 1000 ppm-15; 8000 ppm-26).
Several factors have been identified that tend to diminish or
challenge the significance of even these limited fiﬁdings of the
rat study. See Hinderer Statement at pp. 3-4.

B. Species Differences in Butadiene Metabelism

and Mechanism of Action Demonstrate that the

Primate and Rat are Considerably lLess Sensitive
to Butadiene than the Mouse

1. Species bifferences in Butadiene Metabolism
The genotoxicity data discussed in the Draft
Health Assessment Document indicate that the reactive mono- and

di-epoxide metabolites of butadiene (1,3-epoxy-3-butene and

1,2:3,4~-diepoxybutane), and not butadiene itself, are the
ultimate genotoxic agents responsible for the carcinogenic
effects of butadiene exposure. See Draft Health Assessment
Document, Section 3.4. Since butadiene is genotoxic only when
metabolically activated, species differences inrbutadiene uptake
and metabolism must be considered in evaluating the results of
the rat and mouse bioassays and in éssessing their relevance to
human risk assessment.

DHS has not evaluated all the relevant data on
butadiéne pharmacokinetics and metabolism. Most notably, DHS has
not included recent metabolism studies in the rat, mouse, and

primate by Dahl et al. (1990). The relevant studies are
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addressed in detail in the written statements of Drs. Hinderer,
Bird, and Bolt (copies included in Appendices B, C, and D,
respectively). These data demonstrate that, at equivalent
inhaled butadiene concentrations, mice retain larger doses of
butadiene, metabolize butadiene toc the monoepoxide more rapidly,
detoxify the metabolites more slowly, and attain higher blood and
tissue levels of butadiene metabolites than rats or primates.

These findings are summarized below.

a. Mice retain a larger dose of inhaled

butadiene when adiusted for body weight and exposure time than

rats or primates. Studies conducted under NTP sponsorship by
Dahl et al. (1990) show that thé rate of uptake of butadiene at
10 ppm in the B6C3Fl1 mouse is approximately 7.2-fold greater than
for the Sprague-Dawley rat, and approximately 6.3-fcld greater
than for the monkey, when normalized to body weight. Bird
Statement at 4.

b. Mice metabolize butadiene to the monoepoxide
at about twice the rate seen in rats. The metabolic elimination
rates of butadiene in rats and mice have been compared by placing
B6C3F1 mice and Sprague-Dawley rats in separate closed chambers
with fixed concentrations of butadiene in the air, and then
measuring the decline in butadiene concentration over time.
Kreiling et al. (1986). The decline in concentration indicates
that there has been uptake and metabolism of butadiene by the
test animals. The results of these studies show that mice

metabolize butadiene to the reactive metabolite epoxybutene at
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about twice the rate seen in rats. Bird Statement at 6; BRolt

Statement at 5-6.

c. Detoxification of the epoxide 1,2-epoxy-3-

butene is saturable in mice but not rats. Epoxybutene metabolism

has been examined by measuring the exhalation of epoxybutene in a
closed chamber using the B6C3F1 mouse and the Sprague-Dawley rat.
Kreiling et al. (1987). These studies show that metabolic
elimination rates of epoxybutene for rats and mice depend on the
atmospheric concentration of the compound. In mice, saturation
éf epoxybutene metabolism occurs at about 500 ppm. Epoxybutene
metabolism in rats is linearly dependent on the atmospheric
concentration of the compound up to exposure concentrations of

about 5000 ppm. Thus, with increasing exposure concentration,

the metabolic capacity for epoxybutene becomes rate limiting in
mice at significantly lower exposure levels than in rats. Bird

Statement at 7-8; Bolt Statement at 6.

d. Mice attain a higher concentration of epoxide
metabolites in the blood than rats or primates when exposed at

similar concentrations. In recent studies sponsored by NTP,

B6C3F1l mice were exposed to 7.8 and 78 ppm butadiene; Sprague-
Déwley rats were exposed to 78 ppm butadiene; and monkeys were
exposed to 10 ppm butadiene. Dahl et al. (1990). At 78 ppm
butadiene, mice attained approximately 5-fold higher 1,2-
epoxyb#tene-3 levels in their blood than did rats. At 7.8 ppm,
mice attained 590-fold higher blood levels of 1,2-epoxybutene-3

than did monkeys exposed to 10 ppm. Rats exposed to 78 ppm

10
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attained 40-fold higher blood epoxide 1eyels than did monkeys
exposed to 10 ppm. [Rats were not exposed to 7.8 ppn, preventing
direct comparisons between rat and mouse and rat and monkey at
this exposure concentration. However, as the airborne
concentration of butadiene decreases, the percentage of butadiene
retained increases. For example, as the exposure concentration

for the mouse was decreased from 78 to 7.8 ppm, the blood level

of the monoepoxide (expressed as per ppm butadiene) went up by a

factor of approximately 3. Thus, it is reasonable to assume that
rats exposedlto 7.8 ppm would attain at leaét a 40-fold greater
monoepoxide blood level than monkeys exﬁosed'to 10 ppm.] Bird
Statement at 8 and 34.

e. Limited human data provide further evidence of
species differences in butadiene metabolism. Research conducted
by Schmidt and Loeser (1985) provide a comparison of the human,
primate, and rodent response to butadiene. Butadiene was

incubated with liver and lung in in vitro preparations from mice

(two strains), rats (two strains), monkey, and human {one
surgical sample). The-formation of 1,2-epoxy-3-butene in the
liver of these species was as follows: mouse > rat > human >
monkey. The ratio between mouse and monkey was about 7:1. The
mouse lung tissue produced levels of 1,2-epoxy-3-butene
equivalent to that of the mouse liver; however, monkey and human
lung fissue did not produce any measurable 1,2-epoxy-3-butene.

Bird Statement at 8-9.

11
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f. Species differences in enzyme activities

relevant to the formation ané elimination of butadiene

monoepoxide have been demonstrated. The species differences in

the formation of 1,2-epoxy-3-butene described in the previous
paragraph are consistent with species differences in relative
ratios of specific enzyme activities. Lorenz et al. (1984). The
mouse has been shown to have higher levels of monooxygenase
(enzyme which forms the monoepoxide) and lower levels of epoxide-
hydrolase (enzyme which removes the monoepoxide) compared to the
rat and humans. For the lung, the ratio of monocoxygenase
activity in mouse compared to human is 1220 to 1. Bird Statement
at 9-10; Hinderer Statement at 19.

g. Species differences have been demonstrated in

butadiene~induced depletion of non-protein sulfhydryl (NPSH)

content in different tissues. Reactive epoxides, such as
epoxybutene, react with intracellular glutathione, the major
constituent of NPSH compounds. Interspecies differences in NPSH
depletion could therefore be an indication of interspecies
differences in the amoﬁnt of systemically available butadiene
epoxide intermediates.

When B6C3Fl mice and Sprague-Dawley rats were exposed
to 0, 10, 50, 100, 250, 500, 1000, and 2000 ppm butadiene for
seven hours, significant differences in NPSH depletion were
observed. Deutschmann and Laib (1989). In rats, minor reduction
in liver NPSH content (about 20%) was observed at exposure

concentrations of about 250 ppm. There was also a minor
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reduction in lung NPSH cohtent in rats between 1000 and 2000 ppm
butadiene; NPSH content in the heart was not affected. In mice,
reduction of liver NPSH content started at exposure
concentrations between 100 and 250 ppm butadiene; at 2006 Ppn
butadiene, the reduction reached 80 percent. Hence, in the
mouse, reserveé of NPSH are drastically depleted in the liver
(50-70%) and lung (70-90%) and heart (25-40%). The rat, by
contrast,.shows only some decline and maintains this
détoxification pathway throughout butadiene exposure. Bolt
Statement at 8-9; Bird Statement at 10-11.

In a study by Kreiling et al. (1988), exposure of mice
to concentrations of greatef than 2000 ppm 1,3-butadiene resulted
in a progressive depletion of hepatic NPSH to about 20 percent
after seven hours and almost total depletion‘after fifteen hours.
In rats, the hepatic NPSH content was depleted to between 65
percent (Wistar) and 80 percent (Sprague-Dawley) after seven
hours, with little.additional change at fifteen hours. At the
end of the fifteen-hour exposure, mice showed signs of acute
toxicity but rats (of both strains) did not.

h. Species differences have been ogbserved in
studies of alkxlatién of nuclear Qroteins and DNA by reactive
butadiene metabolites. Comparative studies of alkylation of
nuclear proteihs and of DNA after exposure to radioactive
butadiéne'have been conducted in mice (B6C3F1l) and rats (Wistar).
Kreiling et al. (1986). Butadiene derived radioactivity was

covalently bound to liver nucleoprotein fractions and to total
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liver DNA of both species. However, covalent binding. of reactive .
butadiene metabolites to liver nucleop;oteins of mice was about

twice as high as in rats. Bolt Statement at 10; Bird Statement

at 10.

i. Species differences have been demonstrated in

the formation of DNA-DNA and DNA-protein crosslinks. When male

Sprague-Dawley rats and male B6C3F1 mice were exposed for seven
hours to 250, 500, and 1000 ppm butadiene, protein-DNA and DNA-
DNA crosslinks were seen in the mouse liver at exposure levels
above 250 ppm. Jelitto et al. (1989). No crosslinking activity
of butadiene was seen in the rat. Bolt Statement at 11.

2. Species Differences in the Mechanism of
Action of Butadiene ' :

The available data also demonstrate significant species

differences in the mechanism of action of butadiene. These
pertain to (1) cytogenetic and bone marrow changes which have
been seen in the mouse, but not the rat or primate; and (2) the
presence of the endogenous MulLV retrovirus in the B6C3F1 mouse,
which has been shown to play a critical role in the expression of
malignant (thymic) lymphoma in this species.

These issues are addressed in detail in the statements
of Drs. Bird and Hinderer. A summary of the most relevant data

is presented below.

a. Cytogenetic and bone marrow changes have been

found in mice exposed to butadiene but not in rats or primates.

Tice, et al. (1987) exposed male mice to 6.25, 62.5, and 625 ppm
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5utadiene for ten exposure days. Five endpoints were evaluated:
average generation time (AGT), mitotic index (MI), chromosomal
aberrations (CA), sister chromatid exchange (SCE), and
micronuclei (MN). Butadiene exposure induced a dose dependent
response in all these endpoints. This dose-related response in
these multiple cytogenetic endpoints indicates a strong genotoxic
and cytotoxic action in the mousé.

Cunningham, et al. (1986) exposed B6C3F1 mice and
Sprague-Dawiey rats for six hours per day for two days, at
butadiene concentrations up to 10,000 ppm, and examined the bone
marrow cells for the induction of micronuclei and sister

chromatid exchanges. Significant dose dependent increases in

micronuclei induction and frequency of SCE were observed in mice

at exposures of 100 ppm and greater. In contrast, rat bone

-marrow cells did not show any significant increases in

micronucleated polychromatic erythrocytes nor in the frequency of
SCE, even at the highest dose of 10,000'ppm. The lack of
response in the rat is consistent with the lack of changes in the
bone marrow of rats exposed in the two year cancer biocassay,
which involved butadiene exposure as high as 8000 ppm.

‘Exxon has conducted micronucleus assays on B6C3F1 mice
and Syrian hamsters at butadiene exposures of 0 and 1000 ppm for
six hoprs per day for two days. Exxon (1999). Butadiene produced
an 11.2-fold increase in micronuclei formation in the exposed
mice, and only a 1l.4-fold increase in the number of micronuclei

in the exposed hamsters.
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In primate studies sponsored by NTP, monkeys were

exposed to 10, 300, and 8000 ppm butadiene in air for two hours.
Sun et al. (1989). At no exposure level was micronuclei
induction found to occur nor was there an increase in frequency
of SCE.

The above studies indicate that the bone marrow clearly
is a target organ of butadiene exposure for the B6C3F1 mouse, may
be a térget organ in the hamster, but is not a target organ in
the Sprague-Dawley rat or primate. These data should be
considered when evaluating the relevance of the rat and mouse
bicassays for human risk assessment, and, in particular, when
evaluating the relevance of the mouse lymphomas to human risk

assessment. The bone marrow is known to have an essential role

in radiation induced murine T-cell leukemia/lymphomas and also
accompanies many instances of chemically induced T-cell lymphoma.
The evidence of bone marrow toxicity in the mouse at low exposure
levels, the marginal (at most) response in the hamster at 1000
ppr, and the absence of such evidence in the rat and primate at
8000 ppm, indicate that the mouse lymphoma response is of limited
relevance to huﬁan cancer risk assessment. See Bird Statement

at 13-20; Hinderer Statement at 15-18.

b. The presence of the MulV retrovirus in the

B6C3F]1 -mouse plays a critical role in the expression of thvmic
lymphoma in this species. Studies by Irons et al. (1986, 1989)
show that the presence of the murine leukemia virus (MulV)

affects the incidence of malignant (thymic) lymphomas in the

16

600025




B6C3F1 mouse. The MuLV retrovirus is endogenous to the B6C3F1l
mouse, but is not found in rats 6r humans. |
Irons et al. have demonstrated that exposure to
butadiene (1250 ppm) six hours per day, five days per ﬁeek for 3
to 21 weeks markedly increased the quantity of the esotropic
(capable of infecting mouse cells) MulLV retrovirus recoverable
from the bone marrow, thymus, and spleen of the B6C3Fl mouse.
Irons et al. subsequently conducted a comparative study in the
B6C3F1 mouse and the NIH Swiss mouse. The 1$tter strain was
- chosen because it does not possess intact endogenous proviral
.sequences and only rarely expresses any type of endogenous
retrovirus. B6C3F1l mice and NIH Swiss mice were chronically
exposed to 1250 ppm butadiene six hours per day, five days per
week for one year. The incidence of thymic lymphoma/leukemia in
the B6C3F1 Mouse was 57% at the end of one year. These were all
of T-cell origin and exhibited elevated expression of the .
'endogenous esotropic retrovirus (eMulV). In contrast, NIH Swiss
mice similarly exposed to 1250 ppm butadiene had a 14% incidence
of thymic lymphoma/leukemia, with no increase in eMulV, although
the same hematologic and cytogenetic abnormalities were cbserved
in the NIH Swiss mouse. The difference in leukemogenic response
between the two mouse strains clearly demonstrates that the, eMuLV
backgreund influences species susceptibility to butadiene-induced
1eukeﬁ§genesis. See Bird Statement at 13-20:; ﬁinderer Statement

at 15-18.
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II. QUANTITATIVE RISK ASSESSMENT

DHS based its "best estimate" of human cancer risk on
the NTP I bioassay results for the male B6C3F1 mouse. The DHS
risk assessment relies on internal dose estimates based on data
by Bond et al. (1986). These dose estimates reflect intraspecies
high to low dose retention differences, but DHS made no
adjustments for interspecies differences in butadiene uptake,
retention, and metabolism. DHS predicted a cancer potency factor
of 0.32 per 1 ppm. The Panel believes that this is an
unrealistic estimate that substantially overstates the potential
human risk associated with butadiene. We therefore recommend
alternative approaches for assessing potential risks and deriving

a potency factor for butadiene. The adjusted risk estimates

based on these approaches are summarized in Table I.

The following sections propose three risk assessment
pathways for consideration by DHS. First, we describe an
approach to butadiene risk assessment which relies on the rat
bioassay data supplemented by adjustments to DHS's rat risk
assessment. It is the Panel's judgment that the rat, and not the
mouse, provides the better model for human risk assessment and
should be used by DHS to derive its "best estimate™ of human
risk. Second, we propose a number of adjustments to DHS's mouse
risk assessment. If DHS continues to use the mouse data for
Quantiéative risk modelling, it should adopt tﬁe recommended
adjustments to reflect species differences in butadiene

metabolism and mechanism of action. Third, we describe a
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quantitative risk estimate prepared by Shell 0il Company which

- placed primary reliance on the Hazleton rat study, but which also

analyzed the NTP II data. Shell's risk assessment demonstrates
how data on species differences in butadiene response can be used
to derive more meaningful estimates of risk. |
A. The Rat, and Not the Mouse, is the More
Appropriate Model for Human Risk Assessment '

and the Rat Should Be Used by DHS for its
Best Estimate of Human Cancer Risk

In performing its quantitative.risk assessment, DHS
acknpwledged that "it is still an open question as to which
experimental animal [the rat or the mouse] is a better indicator
of humah risk." Draft Health Assessment Dccument.at 4-33, DHS,
however, then stated, without further explanation, that its
"staff conclude[d] that the guality of the mouse bioassay data is
superior to that of the rat data." .Ihﬁs, DHS determined that
"the mouse provides the best estimate for the upper bound for
plausible excess cancer risk to humans." Id.

We believe there is no support for this conclusion. As
discussed in detail in the written statement of Dr. Hindefer and
the attachments prepared by the authors of the Hazleton study,
there are no differences between the quality or reliability of
the NTP mouse study and the Hazleton rat bioassay which would
warrant assighing,greater weight to the mouse than the rat data.

. More importantly, when evaluating the relative value of
the rat and mouse studies for gualitative and guantitative

assessments of human cancer risk, the critical issue is which
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species -=- B6C3Fl1 mouse or Sprague-Dawley rat —-- provides a
better model for human risk assessment. The species differences
in butadiene metabolism and mechanism of action described above
demonstrate that the B6C3F1 mouse is uniguely sensitive to the
carcinogenic effects of butadiene. There are a number of reasons
to- discount the applicability to humans of the mouse-based risk
estimates. When B6C3Fl mice, Sprague-Dawley rats, and primates
are similarly exposed to butadiene, the mice achieve higher
levels of reactive butadiene metabolites in the blood and tissues
than the rats or primates. Additionally, cytogenetic changes and
bone marrow effects have been seen in the mouse but not the rat
or primate, and the MulV virus has been detected in‘the B6C3F1
mouse but not the rat or primate. As primates are more
representative of humans than mice, the B6C3F1 mouse should be
viewed as an inappropriate model for human risk assessment. The
Sprague-Dawley rat provides a more relevant model for human risk
assessment. Thus, DHS should use the data from the Hazleton fat
bicassay to derive its best estimate of the human cancer risk
associated with exposure to low levels of butadiene. Recommended
adjustments to the rat risk assessment are discussed in the

following section.
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B. DHS Should Make a Number of Adjustments
to Its Quantitative Risk Assessment Based
on the Hazleton Rat Data

1. ‘The Rat Quantitative Risk Estimation
Should Exclude Mammary Carcinomas
From the Total Tumor Incidence

DHS based its risk estimates in the rat on total
significant tumors less mammary fiboadenonas and uterine tumors
in the female rat. We support DHS's exclusion of the mammary
fibroadenomas from its risk calculation based on the Hazleton rat
data. See Draft Health Assessment Document at 4-31. These
mammary fibroadenomas are not known to progress to malignancy and
were very common among unexposed female rats. See Environ
Statement at 4. | : ' °

The mammary carcinomas should also be excluded from the
risk calculation since their incidence in the 1000 and 8000 ppm
dose groups is not significantly elevated. Also, the incidence
of mammary carcinomas in the low dosé group is actually lower
than in the control group. Calculating the risk based on the
mammary carcinoma response yields an upper bound risk of 6.7 x
107 for 0.37 ppb, but fhe maximum iikelihood estimate is 1 x 10°
2 or five orders of magnitude lower, at 0.37 ppb.
Additionally, the lower bound is negative, which further
demonstrates the high degree of uncertainty in using the mamnary
gland carcinoma response to extrapolate risk from the rat to
human.‘ |

Based on the data in Table 4-15, it appears that the

risk attributable to the mammary carcinomas (1.7 x 105‘per ppm)
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accounts for approximately fifty percent of the "summed total
estimated" risk in female rats of 3.6 x 10 per ppm.
Considering the uncertainty about the relevance and significance
of the mammary tumor response, the risk estimate including the
mammary carcinomas appears to overstate risk by a factor of two.
By -excluding the risk associated with the mammary carcinomas, the
human cancer potency estimate based on the rat data would be
reduced by fifty percent, from 3.5 x 10> to 1.8 x 10 at 1 ppm,
and the estimate of upper bound risk at 0.37 ppb would be reduced
to 6.7 x 107. (The fifty percent contribution to the "total
significant tumor risk" is an approximation that could be refined
by re-estimating the risk using as input total significant tumors
without mammary gland carcinomas.)
2. The Rat Quantitative Risk Estimation

Should be Adjusted to Reflect Species

Differences in the Blood Levels of

Reactive Metabolites of Butadiene

For its quantitative risk estimates based on the

Hazleton rat data, DHS used the internal concentration of
butadiene és the measure of dose. See Draft Health Assessment
Document at 4~4 - 4-6. This approach is certainly more
appropriate than using the external concentration of butadiene in
inhaled air. However, since DNA-reactive and mutagenic
metabolites of butadiene are the probable ultimate carcinogens,
it wouid be more meaningful to use blood levels of 1,2-
epoxybutene~3 for the measure of dose. ee Environ Statement at

2; Shell Alternative Risk Assessment at 10-12 (copies included in
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Appendices E and G, respectively). Although this approach
considers only the monoepoxide, and not the diepoxide or other
butadiene metabolites, the monoepoxide is the primary metabolite
of butadiene and thus provides a more realistic measure of
internal or delivered dose than the internal concentration of
butadiene. |

DHS rejected the use of a risk estimate based on
pharmacokinetics modeling for several reasons. The primary
reason cited by DHS is that the model employed by Hattis and
Wasson (1987) considered only the concentration of the
monoepoxide_and not levels of diepoxide butadiene ("DEB") or
other butadieﬁe metabolites. See Draft Health Assessment
Document at 4-9. Crosslinking studies demonstrate that the mouse
would have even higher levels of DEB, resulting in further
overestimation of human risk. Thué, use of the monoepoxide
levels as the measure of'dose would not underpredict the actual
risk.

While the data currently available may be considered
less than optimal for performing a risk assessment based on
pharmacokinetics modeling, this does not mean that the available
data showing species differences should be ignored completely.
These data clearly indicate that the mouse is uniquely sensitive
to butadiene and thus provide a basis for reaéonable adjustments
to theirisk estimation derived by DHS. Disregarding species

differences in butadiene metabolism and the uniqueness of the
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mouse response to butadiene would result in a misleading estimate .

of risk.

Studies by Dahl et al. (1990) sponsored by NTP
demonstrate that, at the low levels of exposure of interest to
DHS, rats attain approximately a 40-fold higher blood level of

monoepoxide than the primate. Based on the very reasonable

assumption (supported by in vitro relative enzyme activity data)

that humans metabolize butadiene in the same manner as monkeys,
humans should be approximately 40-fold less sensitive to the
carcinogenicity of butadiene than are rats. See Environ
Statement at 11; Shell Alternative Risk Assessment at 10-12 and
Appendix 1.

Thus, the DHS risk assessment based on the internal
concentration of 1,3-epoxybutene-3 as the measure of dose in the .
‘rat should be adjusted downward to reflect species differences in
monoepoxide levels. To évoid underestimating risk, DHS might use
only fifty percent of this 40-fold species difference and adjust
the risk estimate by a factor of 20. Under this approach, the
potency factor based on the rat is further reduced from 1.8 x

-3 (in female rats, excluding mammary tumors) to 9.0 x 10° at 1

io0
ppm. The upper bound lifetime risk at 0.37 ppb would be reduced
to 3.3 x 10%. We believe that this risk level should be
presented by DHS as its "best estimate" of upper bound cancer

risk to man.
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3. Alternatively, The Rat Quantitative Risk
Estimation Should, at a Minimum, be Adijusted
to Reflect the Underestimation of the Internal
Dose

In performing its risk assessment, DHS relied on the
data by Bond et al. (1986) to estimate the internal dose
cqrresponding to a given concentration of inhaled butadiene.
Thése data measure the internal concentration of butadiene which
is retained following six hours of exposure to butadiene. See
Draft Health Assessment Document at 4-4 - 4-5. By focusing only
on the amount of butadiene retained at the end‘of this exposure
interval, this measure ignores both the metabolism and excretion
of butédiene during the exposure period, as weil as the potehtial
for further metabolism after the six hour period.

Based on pharmacokinetics modeling, Hattis and Wasson
(1987) demonstrated that the Bond data ﬁnderestimate the actual
internal dose in rats by a factor of approximately 4.5. See
Shell Alternative Risk Assessment at 8-9 and Appendix 1 p. 2.
Thus, if DHS bases its estimate of risk on the internal
con¢entration of butadiene which is retained; it shquld, at a
minimum, adjust its risk assessment to reflect this
underestimation of dose. This would reduce the estimation of
risk based on the rat data from-l.s ¥ 1073 (in female rats
excluding mammary tumors) to 4.0 x 10% at 1 ppm, or 1.5 x.loq at

0.37 ppb.
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c. If DHS Continues to Rely on the 1984 NTP Mouse

Study for Its Best Estimate of Human Cancer

Risk, the Risk Estimation Should be Adjusted

to Reflect Significant Species Differences

in Butadiene Metabolism and Mechanism of Action

While we believe that the rat, and not the mouse,
provides the best model for human risk assessment, if DHS
continues to rely on the mouse data to estimate risk, several
adjustments in that estimate are necessary. These proposed
adjustments are discussed below.

1. The Risk Estimation Based on the

NTP I Mouse Data Should Exclude
the Mouse Lymphomas from the

Total Significant Tumor Incidence

DHS should follow the approach taken by OSHA in
connection with its recent rulemaking regarding occupational
exposure to butadiene and exclude incidences of malignant
lymphoma from its risk estimations based upon the B6C3F1 mouse
data from NTP I. See Occupational Exposure to 1,3-Butadiene,
Proposed Rule 55 Fed. Reg. 32736 (August 10, 1990). Due to the
species differences in the mechanism of action of butadiene
discussed in Section I.B.2 above, this tumor endpoint is of
questionable relevance to potential human cancer risk.

The studies by Irons et al. (1986, 1589) clearly
demonstrate that the presence of the MulV retrovirus, which is
endogenous to the B6C3F1 mouse {but not to the NIH Swiss mouse,
the ra;, or the human), plays a critical role in the expression

of malignant lymphoma in that species. In addition, a number of

studies have demonstrated cytogenetic and bone marrow

26

G00035




abnormalities in the mouse but not in the rat or the primate.
These data indicate that the bone marrow (which plays an
essential role in the development of T-cell leukemia and
lymphomas) is a target organ of butadiene toxicity for the B6C3F1
mouse, but not the rat or primate. The pfesence of the MuLV
virus and the unique sensitivity of the mouse bone marrow cast
doubt on the relevance of the lymphoma response séen inrthe
B6C3F1 mouse for human cancer risk assessment. The fact th&t, in
the NTP II study, 1eukeﬁias/lymphomas were not seen at the low
dose further suggests that the mouse lymphomas are of.limited
relevance'for low dose risk assessment. See Hinderer Statement
at 15-18, Bird Statement at 13-24.

Based on the mouse data in Table 4-13 of the Draft
Health Assessment Document, DHS estimated the risk for male mice
(using intefnal dose and (ppm)'1 scaling) for hematopoietic.
system malignant lymphoma to be 0.089 (ppm) '. The total risk
for male mice, based on the "sum of individual sites," was 0.245
(ppm)4. This suggests that the lymphomas account for
approximately 35% or one-third of the total risk (0.089/0.245 x
100). (The total risk for male mice based on "all significant
tumors" (the procgram input) was 0.32 (ppm)q, of which
approximately 28% is attributable to the lymphomas (0.089/0.32 X
100). --(The 28% contribution to the "total significant tumor
risk" is an approximation that could be refined by re-estimating
the risk using as input total significant tumors without

lymphomas.) The effect of eliminating the mouse lymphomas from
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the calculation of total significant tumors can be estimated for

the NTP I mouse data by reducing the potency factor by 28%, from
0.32 to 0.23 at 1 ppm.
2. The Mouse Quantitative Risk Estimation
Should be Adjusted to Reflect Species
Differences in the Blood Levels of
Reactive Metabolites of Butadiene
As discussed in Section II.B.2 above, blood levels of
the reactive metabolite 1,3-epoxybutene-3, provide a much more
meaningful dose estimate than the internal concentration of
‘butadiene as used by DHS. 1In studies by Dahl et al. (1990), mice
developed more than 590-fold higher blood concentrations of the
monoepoxide than did monkeys. Thus, humans (assuming that they

metabolize butadiene in a manner similar to monkeys) should be

590~-fold less sensitive to butadiene's carcinogenicity than are

mice. See Environ Statement at 11; Shell Alternative Risk
Assessment at 10-12 and Appendix 1.

Using the approach pf allowing only fifty percent of
this 590-fold difference, the risk estimate would be adjusted
downward by a factor of 295. This results in a reduction of the
potency factor from 0.23 at 1 ppm (in male mice, excluding
lymphomas) to 7.8 x 10 at 1 ppm. This corresponds to an upper
bound risk of 2.9 x 16J at 0.37 ppb.

3. Alternatively, The Mouse Quantitative Risk

-~ Estimation Should be Adjusted to Reflect
- the Underestimation of the Animal Dose and

Interspecies Differences in Butadiene Absorption

Even if DHS decides to rely on the internal

concentration of butadiene rather than the blood levels of the
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monoepoxide for its measure of dose, its risk calculation should
be adjusted to reflect underestimatidn of the retained dose and
species differences in butadiene absorption and retention. Thus,
‘reductions in the DHS risk estimates are still needed even if it
decides not to use blood levels of the monoepoxide as the best
measure of dose.

a. Adjustment for Underestimation of Dose. As
discussed in Section 1I.B.3 above, the pharmacokinetics modeling
performed by Hattis and Wasson (1987) demonstrates that the
measure of dose based on butadiene retained at the end of six
hours, relied on by DHS, underestimates the actual internal dose
in mice by a factor of 2. See Shell Alternative Riék Assessment
at 8-9 and Appendix 1 p. 2. The estimation of risk based on the
internal concentration of butadiene shoﬁld therefore be reduced
by 50%. This results'in a reduction of the estimatioﬁ of risk
based on the NTP I mouse study from 0.23 (in male mice, excluding
lymphomas) to 0.12 at 1 ppm. | |

b. Adijustment for Species Differences in Butadiene
Absorption. DHS has assumed that the absorbed fraction of
butadiene is the same for mice and humans. See Draft Risk
Assessment Document at 4-24. This conclusion does not take into
account studies in primates by Dahl et al. (1990). As discussed
\above,»Dahl et al. have demonstrated that at 10 ppm the mouse
_retain; approximately 6.3-fold more butadiene than is retained by
the monkey. Because the human species is moré/closely related,

both anatomically and physiologically, to the monkey than the
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mouse, the primate retention data should be used to estimate

butadiene retention by humans. See Environ Statement at 8-9.

On this basis, the DHS risk assessment based on the NTP
I mouse data should be further adjusted downward by a factor of
approximately six. In conjunction with the prior adjustment for
the underestimation of animal dose described above, this would
result in a reduction of the potency factor from 0.12 to 0.02 at
1 ppr. This corresponds to an upper bound risk of 7.4 x 107 at
0.37 ppb.

D. Alternative Risk Assessment in the Mouse
Based on Data from the Second NTP Studvy

The DHS Health Assessment Document describes the
preliminary, unaudited data from the second NTP study reported by

Melnick et al. See Draft Health Assessment Document at 3-30.

However, DHS does not use these data as a basis for estimating
human cancer risk. Shell 0il Company has developed an
alternative risk assessment using the preliminary NTP II data.
Although this risk assessment cannot be considered definitive
because the individual time to tumor data are not yet available,
we are providing the Shell analysis to CARB for its consideration
as another approach for determining butadiene's potential risk.

| Shell's risk assessment placed primary reliance on the
rat data because Shell believed the rat to be a considerably more
relev&;t model for man than the mouse. Shell also performed a

risk assessment on the NTP II mouse data based on the incidence

of pooled malignant tumors and hemangiosarcoma (to correspond to
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the OSHA risk analysis). .Shell's assessment was conducted using
the multistage tiﬁe-to—tumor model and quantal multistage and
one-hit models. Shell also made adjustments to reflect the
butadiene retention data of Bond et al. (1986) and metabolism
data of Dahl et al. {(1990). Shell made additional adjustments to
reflect blood levels of the epoxide metabolites in primates as
the measure of dose, since the data by Dahl'ggAg;. {1990) were
developed in the exposure range used in NTP II.

Shell's risk assessment prepared in response tp OSHA's

proposed workplace standard for butadiene illustrates the

‘reduction in risk estimates based on the NTP IT mouse data and

the incorporation of appropriate adjustments for interspecies

differences, time to tumor considerations, and blood epoxide

levels. See Shell Alternative Risk Assessment at 12-18 and

Appendix 3. The Shell assessment predicted risks from 10 to

100,600 or more times smaller for the mouse (Shell, Figure 3) and

for the rat (Shell; Figure 4) than the comparable OSHA estimates.
%* * *

There is a considerable body of data which demonstrate
that, as a result of species differences in butadiene metabolism
and mechanism of action, the mouse is uniquely susceptible to the
carcinogenic effects of butadiene. We therefore believe that the
rat, and not the moﬁse, is the better model for human risk
assesgéent and should be used by DHS to derive its "best
estimate" of risk. Moreover, it is misleading to assign no

weight to relevant data on species differences in butadiene

31
GG0040



netabolism which demonstréte that rodents attain significantly
higher blood levels of the reactive butadiene metabolites than
primates. When adjustments are made to the DHS risk assessment
to reflect these species differences, it becomes apparent that
the risk assessment based on the mouse very likely overpredicts
the risk to man by 1 to 4 orders of magnitude. The impact of
these adjustments is summarized ip Table 1.
III. REPRODUCTIVE EFFECTS

The Draft Health Assessment Document states that, in
the NTP II mouse study, ovarian atrophy was repdrted in female
mice exposed to 6.25 ppm of butadiene six hours a day, five days
a week for two years. DHS therefore concluded that "a NOAEL was
not established in these studies, but a LOAEL of 6.25 ppm was
observed." Draft Health Assessment Document at 3-6 - 3-7. The
data reported for NTP II are preliminary and unaudited, and the
histopathology narratives are limited. Therefore, care must be
used in interpretiﬁg and assessing the significance of the
findings. The butadiene reproductive and developmental effects
data are discussed in detail in the Statement of Dr. Mildred
Christian (copy included in Appendix F). Dr. Christian notes
that, in the NTP II mouse study, ovarian atrophy in the 6.25 and
20 ppm groups occurred at the end of the animals' reproductive
life and should not be regarded as "reproductive" effects. 1In
additi;n, the mouse is uniquely sensitive to the effects of
butadiene exposure and exhibits effects which are not observed in

the rat. Thus, Dr. Christian concludes that 20 ppm should be
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B

considered to be a NOEL for ovarian atrophy in the B3C6F1 mouse.
See Christian Statement‘at 7-13.

The Health Assessment Document should also highlight
the absence of reproductive effects in the Hazleton rat bioassay
by Owen et al. (1987, 1990). In this study,. an absence of
ovarian and testicular atrophy was observed in rats following
lifetime expoéures to butadiene at levels as high as 8000 ppm.
See Christian Statement at 4. Given the greater biological
relevance of the rat to man, this study should take precedence in
determining butadiene's reproductive risks.

IV. EXPOSURE ASSESSMENT

The Panel has reviewed CARB's Sténdard Operating
Procedure for the Determination of 1,3-Butadiene in Ambient Air.
See Technical Support Document Part A, Draft Exposure Assessment
at Appendix B. We have identified several issues regarding
CARB's methodology, which are summarized below.

First, it is common for ofher four carbon hydrocarbons,
in addition to butadiene, to be present in ambient air. The
description of CARB's analytidal methodology does not demonstrate
that adequate steps were taken to separate butadiene from other
four carbon components such as butene-l1 or isobutane. The
failure to differentiate butadiene from these components may
result-in an overstatement of butadiene levels in ambient air.
The presence of butadiene in the samples analyzed by CARB may be

confirmed in several ways; the most direct method would be

routine GC/MS analysis.
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In addition, the CARB protocol does not provide
sufficient information to evaluate the validity of the sample
collection methodologies which were used. Depending on the
details of how the samples were collected and transported, it is
possible that the CARB analysis may have either overstated or
understated actual butadiene levels.

CONCILUSION

The Butadiene Panel appreciates this opportunity to
submit comments on CARB's Draft Technical Support Documents for
1,3-butadiene. We hope these comments will be helpful to the
Agency and that the Agency will incorporate them into its

Technical Support Documents when they are released in final form.
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TABLE I :
RECOMMENDED ADJUSTMENTS TO DHS RISK ESTIMATES

Upper Bound

Cancer Potency Risk Estimate
(ppm) ! at 0.37 ppb
Rat (Hazleton 1981) 3 %
DHS Risk Estimate 3.5 ¥ 10 1.3 x 10
Exclude Mammary Carcinomas 1.8 x 1073 ‘ 6.7 x 107
Adjustment for Epoxide 8
Dose® 9.0 x 107 3.3 x 10
or
Adjustment for Dose : : 7
Underestimation? 4.0 x 107 1.5 x 10
Mouse (NTP, 1984) : _ -
DHS Risk Estimation¥ 0.32 1.2 x 10
Exclude Lymphomas 0.23 8.5 x 10
Adjustment for Epoxide -7
Dose . 7.8 x 10 2.9 x 10
or -

Adjustment for Dose 5
Underestimation? and 0.12 4.4 x 10
Adjustment for Species

Differences in Butadiene , 5
Absorption? ’ 0.02 7.4 x 10

The Butadiene Panel believes that this calculation
represents the "best estimate" of human cancer risk. °

If no adjustment is made to reflect species differences in
blood levels of the monoepoxide, the risk estimation should,
at a minimum, be adjusted to reflect the underestimation of
inhaled dose. This estimate also excludes the mammary
carcinomas.

This calculation was reported by DHS to be its "best
estimate" of upper bound cancer risk.

If no adjustment is made to reflect species differences in

blood levels of the monoepoxide, then adjustments are needed

for both underestimation of inhaled dose and species

.differences in butadiene absorption. These estimates also
exclude the mouse lymphomas. 000044
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INTRODUCTION AND SUMMARY

My name is Dr. Robert K. Hinderer. I am Manager of Health and
Toxicology at the BFGoodrich Company and have 15 years of
experience in the field of toxicology. This includes the
development, monitoring and conduct of toxicology studies,
serving as a toxicology consultant to expert groups such as
the National Academy of Sciences, and providing expert

testimony before Federal and State bodies. Furthermore, I
have numerous publications in the field of toxicology.

Over the last 13 years, I have been involved with toxicology
research on 1,3-butadiene (BD) primarily through my
participation in the International Institute of Synthetic
Rubber Producers, Inc. (IISRP). This has included
participation in environmental and research steering committee
activities. I also have participated in a number of

International symposiums and conferences on the health effects.

of BD.
In my testimony, I will address the foilowing issues:

1) Adequacy, quality, and relevance of the animal biocassays
. with BD, and; ‘

2) Implications of species differences in metabolism,
pharmacokinetics and mechanisms of toxicity in assessing
BD cancer risk in man.

Presently, three cancer bioassays in two species indicate that
BD is carcinogenic in animals. A long-term inhalation study
completed by Hazleton UK in the early 1980's shows that BD is

a weak carcinogen in the Sprague-Dawley rat. In contrast, NTP

cancer bioassays which were initiated in the early and late
1980's indicate that BD is a potent carcinogen in the BgCiF;
mouse. These studies are the culmination of a close technical
dialogue between the National Cancer Institute (now NTP) and
the IISRP which began in the mid-1970°'s.

Both the HLE and the first NTP bioassay (NTP-1) have used
well-accepted approaches to chronic toxicity and/or
carcinogenicity evaluation and have provided quality data.

The NTP data has been confirmed by a detailed audit resulting
from concerns raised by a preliminary audit and by the second
NTP bioassay (NTP-2). Three partial audits of the HLE data
also have shown that it is a quality study. Although OSHA has
noted a number of issues pertaining to gquality and accuracy of
the study, HLE has shown that the statements are unfounded or
misleading.
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II.

Numerous mutagenic, pharmacokinetic, metabolic and mechanistic
studies support the results of these bioassays. They show
that there are considerable differences in species response to
BD and that these differences have a major impact on the
assessment of human cancer risk. As a whole, the data do
indicate that the risks are different and lower in the rat,
the monkey and man than in mice. Ultimately, they indicate
that the mouse is not a good model of BD toxicity in man.

Because of species differences in response to BD, there are a
nunber of rodent responses which are not relevant to man.
Studies indicate that the thymlc leukemia/lymphoma (TL/L) that
occurs in the BgC4Fy mouse is dependent on bone marrow
toxicity and the marlne leukemia virus (MuLV) endogenous in
this species. Furthermore, the results of pharmacokinetic and
epidemiology studies indicate that neither the lung nor kidney
are target organs in humans.

HLE AND NTP-]1 BIOASSAYS
Overview O H o joas Wit

In 1978, an inhalation study of the potential chronic toxicity
and carcinogenicity of 1,3-butadiene (BD) was initiated, using
CD (Sprague-Dawley) rats. Groups of 110 male and 110 female
rats were exposed to 0, 1000, or 8000 ppm BD for 6 hrs/day,

5 days/wk. (Owen et al. 1987, Owen and Glaister, 1990). These
dose levels were selected based on the results of a three-
month study and a determination of the highest non-explosive
concentration.

Prior to exposure, the animals were quarantined for 11 days
and observed daily for signs of ill health. A sampling of the
rats in each batch was examined for pathogenic microorganisms.
Furthermore, a number of animals were selected for necropsy
and histological examination. Routine laboratory and
neuromuscular evaluations were also conducted on 20 pre-
selected animals per sex.

During the course of the study, numerous observations and
measurements were made to evaluate the vital status of the
animals and to assess potential toxic effects. A detailed
animal observation and palpation was performed weekly. Body
weights were recorded weekly for the first 12 weeks, every 2
weeks up to 52 weeks and thereafter at 4 week intervals.
Hematology, clinical chemistry and urine analyses were
conducted at various points throughout the study.
Neuromuscular function also was evaluated periodically using a
rotating conical spiral. Ten rats/sex from each group were
killed at week-52 for interim pathological evaluation and
selected organs were weighed.

2 .
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The study was terminated when survival reached 20 to 25%

(105 weeks for females and 111 weeks for males). A post-
mortem examination was conducted on all animals. Tissues from
all animals were examined closely for abnormalities.

A common and well~accepted method was used for the selection
of tissues for pathological evaluation. A complete set of
tissues from the high dose animals first were examined. Based
on the findings in the high dose animals, potential target
tissues were identified for examination in the low dose
animals. : : :

General Findings In t} .

Evidence of the toxicity of BD during the in-life phase of
this study was quite limited. Clinical signs and body weight
changes were transient. Survival in this study was generally
good allowing the animals to be exposed beyond two years.
However, the mortality that was observed in this study was the
resulted from the humane sacrifice of females with
subcutaneocus masses and from the occurrence of renal lesions
in males. Liver weights were increased in both sexes at both
doses without any corresponding pathological changes. Kidney
weights were increased and were accompanied by an increase in
severity of nephrosis. No compound-related effects on
hematology, clinical chemistry, urine analysis, or
neuromuscular function was found.

The most significant finding was a weak carcinogenic response
to BD (Figure 1). There was an increase in the incidence of
pancreatic exocrine adenoma, and testis Leydig-cell tumors in
high dose males and of mammary tumors (primarily benign
fibroadenomas), and thyroid follicular cell tumors in females.
Treatment-related trends were noted for uterine sarcoma and
Zymbal gland carcinomas. This overall carcinogenic response
was weak in the sense that there were no unusual tumors and
that the number of tumors were not markedly increased. 1In
fact, the thyroid and testis tumors at the highest dose were
close to the historical control range (0-6%) at HLE.
Furthermore, there were a number of factors which tended to
diminish or challenge the significance of a number of these
findings. _ :

For the pancreatic adenomas, the appropriate diagnosis was not
clear. By convention, the tissue changes were classified as
tumors. However, the pathologist stated that the small
lesions equally could be classified as hyperplasia which would
exclude them from any analysis of tumor incidence. :

600055



The numbers of uterine sarcomas were close to those expected
from the background in untreated rats of the strain used and
did not suggest, in isolation, a treatment-related effect.

The number of Zymbal gland tumors also was close to that
expected as part of the background. Most of the tumors of
this type were present in animals killed in a short period
(76-90 weeks); none were found at the end of the study. If
this early cluster of tumors was due to a direct chemical
interaction, others would have been expected to be found later

‘in the experiment.

Although the early appearance of mammary gland tumors in the
treated females suggested a relation to treatment, there was
some question concerning the interpretation of the numbers.
First, mammary carcinomas were not elevated. Secondly, while
the incidence of benign fibroadenomas was significantly higher
in both treatment groups than in the controls, there was no
dose-related increase. Finally, a review of the historical
control range for this strain at HLE showed that mammary
tumors occurred with a high and variable frequency (14.6-
58.1%).

Overview Of the NTP Mouse Bjoassay (J) With BD

The National Toxicology Program (NTP, 1984) has conducted two
mouse bioassays with BD. In the first study, groups of 50
male and 50 female B,C,F, mice were exposed to 0, 625, or 1250
ppm BD 6 hrs/day, 5 days/wk. This study was intended to last
104 weeks, but was terminated after 60/61 weeks (males/
females), because of high mortality. The results of earlier
studies of shorter duration were used to set these dose
ievels.

When the animals were received, they were quarantined for 3
weeks. Selected animals were given a complete pathological
examination.

During the study, all animals were observed twice daily for
signs of moribundity or mortality. Clinical signs were
recorded weekly. Body weights were recorded weekly for the
first 12 weeks, monthly thereafter. Palpation of mice for
masses began 6 months after the study started and continued
monthly thereafter. Gross necropsies and pathological
evaluations of selected tissues were performed on all animals,
except for those excessively autolyzed or cannibalized.

Serological analyses for selected viruses were monitored in
the control animals at the end of the study. No analyses for
the known endogenous murine leukemia virus (MulV) were .
undertaken. )
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In the B,C,F, mouse, BD caused a potent carcinogenic response
(Figure 1). ' The most prominent finding in this regard was the
high mortality from the malignant lymphomas (TL/L), which
resulted in early termination after only 60-61 weeks of
exposure. While these lymphomas occurred in both sexes, they
were more highly elevated in the males. Significant increases
in neoplasms were observed at many different sites.
Furthermore, the incidence of these tumors were generally
high. Malignant lymphomas and heart, lung and forestomach
tumors were observed in both sexes. In addition, mammary
gland, ovary and liver tumors were elevated in the females.

Numerous non-neoplastic 'lesions were also found in mice
exposed to BD. Significant increases in chronic changes in
the liver and forestomach in both sexes was observed following
BD exposure. Testicular atrophy and nasal lesions also were
increased in males and the occurrence of ovarian atrophy and
uterine changes were elevated in females. However, not all of
the increases were dose-related. In contrast to the
neoplastic findings, the chronic changes generally were found
to occur at a lower incidence. ’ '

Both the HLE and NTP studies incorporated state-of-the-
art methodologies. They used large numbers of animals;
the test animals were species commonly used; and they
maximized the potential for seeing an effect by using the
highest exposures feasible and by exposing the animals
for nearly their complete lifespan.

It is important to note, however, that the primary focus
of these two studies is different. The NTP mouse study
is basically a cancer bioassay, while the HLE rat study
is designed for evaluating carcinogenic potential, but
also incorporates elements necessary for a fuller
assessment of chronic toxicity. Because of these
differences in emphasis and other practical

-~ considerations there are, not surprisingly, a number of
differences in various aspects of the methodologies used.
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2.

Chemicals Tested and I it

In both HLE and NTP-1 studies, standards and procedures
were established to limit the level of 4-vinyl-1-
cyclohexene (VCH) and general impurities in the 1,3~
butadiene. In the NTP mouse study, a standard of 100 ppm
VCH (v/v) of BD in the cylinders was set as the maximum
acceptable for use and was exceeded on three occasions
when replacement cylinders were not available. Each
cylinder was analyzed upon receipt. Generally, the
cylinders were used for no longer than 6 weeks in an
effort to minimize the amount of dimer formed and
delivered. However, no analyses of the actual delivered
dose of VCH were conducted, nor were there any standards
or procedures to detect and control unacceptable levels
actually delivered. Because dimer formation continues
with time, there is no way of knowing what levels of VCH
were actually delivered to the chamber, nor what the
chamber concentration might have been.

In the HLE study, the control process for VCH focused on
the VCH levels at the time of delivery of BD to the
chamber. HLE measured VCH (v/v) at a minimum of once a
week allowing more frequent, sometimes daily,
measurements at the discretion of the investigators.

A series of action levels were established above the

500 ppm VCH (v/v) acceptance guidelines to trigger
activities such as the notification of project monitor
and additional analyses by HLE. If a mean value of

>800 ppm (v/v) continued for the day, a trap for removal
of dimer was incorporated. Although 1000 ppm (V/v) was
established as a criteria for terminating exposure, no
such excedences were observed because of the trapping
procedures that were used.

HLE found that the average weekly measurements of VCH
(v/v) was 413 ppm. Based on their calculation that
100 ppm of the dimer (v/v) in the BD supplied to the
8000 ppm chamber would result in a concentration of
0.8 ppm VCH in the chamber (Owen, 1981), the average
concentrations of VCH in the chamber would have been
around 3 ppm throughout the course of the study.

" While VCH raises some similar health concerns as BD, we

know that its toxicology profile is somewhat different.

~ VCH, as with BD, is mutagenic in in vitro assays and is

metabolized to mono- and di-epoxide forms (Simmons and
Baden, 1980; Turche et al. 1981; Smith et al., 19%0a;
Smith et al., 1990b). Likewise, the mouse has a greater
*capacity to metabolize VCH that the rat. Although two
year cancer bioassays in rats and mice were compromised
by poor survival, VCH clearly did not produce the potent

é
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response observed in mice with BD (NTP, 1986). This less
potent response indicates that low VCH levels in the
chambers would not be expected to have any significant
impact on the outcome of the long-term studies with BD.

Randomization

Randomization procedures were used in both studies,
although they are not described in the NTP-1 report.
Randomization was conducted to provide as nearly as
possible equal group mean body weight and standard
deviations. Issues dealing with randomization are
discussed later in Section F.

~linical Chemistry. Hematol 3 Urinalysi

.No clinical chemistry, hematology, or urinalysis tests

were conducted in the NTP-1 study.

In the HLE study, blood was withdrawn under light ether
anesthesia from the orbital sinus of 20 pre-selected
anipals of each sex from each group after 3, 6, 12 and 18
months exposure. Before blood tests, the animals were
fasted for 24 hrs, but water was available during the
last 18 hrs. of the fast. The blood was used to measure
mean cell volume and hemoglobin concentration and for
counts of erythrocytes, leukocytes (total and

differential), platelets and reticulocytes. Packed cell

volume, mean cell hemoglobin and mean corpuscular
hemoglobin concentration were calculated. In addition,
measurements were made of plasma concentrations of
glucose (sample taken from caudal vein), blood urea
nitrogen, total protein and protein electrophoresis, as
well as activities of alkaline phosphatase, glutamic-
oxaloacetic transaminase and glutamate-pyruvate
transaminase after 3, 6 and 12 months exposure. At 12
months, leucocyte counts (total and differential) were

‘'made in an additional ten animals of each sex from each

group in order to confirm a possible treatment-related
effect noted at the 6-month sampling in the high dose
females.

Individual urine'samples were obtained after 3, 6 and 12
months exposure. Wherever possible, the same 20 males

-and 20 females were sampled as were used for the blood

sampling. The urine samples were obtained during a 4-hr.

- period of food and water deprivation beginning

approximately 2 hrs. after exposure. During the 2-hr.
post exposure period, all animals were given access to
water. The volume and specific gravity of the urine were
measured and a semi-quantitative assessment of glucose,
urobilinogen, ketones, bile pigments, blood, protein and

7
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pH made. The insoluble constituents of the urine were
examined microscopically after centrifugation.

N toxici

No special neurotoxicity evaluations were conducted in
the NTP-1 study.

In the HLE study, neuromuscular function was evaluated in
40 animals of each sex from each dose group before and at
Weeks 1, 4, 15, 26, 52 and 78 of treatment. The time
before falling from a rotating cone was recorded as an
index of neuromuscular function.

Interim Sacrifi

No interim sacrifice group was established in the NTP-1
study.

The study design for the HLE study included 10 rats per

sex per dose from each dose group for interim evaluation
at 52 weeks.

" Pathology

Both studies used commonly accepted procedures for
pathology evaluations. All animals were subjected to a
postmortem examination. Selected tissues and all grossly
observable lesions were preserved and processed for
histopathological evaluations. In the HLE study, all
selected tissues from the high dose and control were
examined first. Once the target organs were identified,
HLE then examined the corresponding low dose tissues as
provided in the protocol. HLE also conducted electron
microscopic examination of liver tissue samples from

10 males and 11 females from all dose groups at necropsy-
NTP-1 on the other hand, simply chose to evaluate all
selected tissues for each animal in each dose group.

Quality Assurance

Specific attention was paid to quality assurance in both
the HLE and NTP-1 studies. Some of these activities were

" predetermined, while others were influenced by events

subsequent to the termination of the studies.

Throughout the course of the HLE rat study, diverse peer
review and quality assurance were maintained. The study
design and daily conduct were reviewed, not only by
industry scientists, but by scientists from government
also. A close liaison was kept with scientists from NCI
(NTP). Information, as well as ideas, were exchanged
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through meetings, written documents and verbal
communications. Additional peer review was obtained from
the British Industrial Biological Research Association
(BIBRA), through the journal publication process, and by
the International Agency for Research on Cancer (IARC).

When the International Institute of Rubber Producers,
Inc. (IISRP) decided to sponsor this research project, it
recognized the importance of assuring the quality of this
work. As a result, the Institute retained BIBRA to
oversee the quality and management of this study, as well
as to provide additional technical support. BIBRA
conducted frequent site visits and data checks. They
worked closely with the Hazleton (UK) staff and the

.Institute to expedite decision-making.

To-date, the Hazleton (UK) rat bicassay data has been
reviewed by three organizations - BIBRA, the United

Kingdom Health and Safety Executive (UK H&SE) and the
Hazleton Quality Assurance Unit. This has included a

partial audit of the data.

The NTP-1 Mouse Bioassay has received both peer and
quality reviews by Agency, contract and independent
personnel. The NTP Board of Scientific Counselors
Technical Reports Review Subcommittee and associated
Panel of Experts has reviewed the technical report prior
to its final publication. Quality assurance audits have
been conducted by the NTP using internal and external
staff and by the Chemical Manufacturers Association.
These assessments identified numerous concerns regarding
the methodology, procedures, and accuracy of the data.

While errors in the study have been noted, they do not
detract from the basic finding that BD is a potent
carcinogen in the mouse. Results from NTP-2 further
support this conclusion.

I agree with OSHA "---that both the NTP mouse bioassay
and the HLE rat biocassay demonstrate the carcinogenicity

_of BD and that both provide adequate data on which to

base a quantitative risk assessment despite their
problems. Both of these studies have qualities which

- make their data suitable for quantifying risk from

occupational exposure. Exposure levels were docunented,
the routes of exposure were the same as is found in most
occupational settings (i.e., inhalationm); concurrent
controls were used; animals were exposed to two different
levels of the test substance and statistically
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significant excesses of malignant neoplasms were observed
in the exposed groups."”

The Agency's decision, howevexr, to base its "best"
estimate of risk on the mouse biocassay (52 FR p. 32762)
is not based on good science. The factors used and
concerns that were raised by OSHA are not convincing.

In the following paragraphs, the principle concerns
raised by OSHA are addressed. I also refer the Agency to
documents prepared by HLE on these subjects (Owen and
Brightwell, 1987 and Glaister, J. R. 1990). See
Appendix I -and II.

What OSHA fails to note is that the lower tumor incidence
in the low dose group (70%) compared with the control is
neither alarming, nor surprising. In fact, as OSHA
points out, this is likely the result of only selected
tissues being examined in this group.

Although OSHA is concerned that the low dose was
healthier than the controls, there is no evidence that
that is the case. For both males and females, survival
was comparable through day 420. During the period of day
420 to 480, survival began to deviate from that of the
control group. A dose-related decrease in survival was
noted in the low and high dose groups through the 2-year
mark (730 days). The only point where survival in the
low dose was better than the controls, was in the males
beyond the two-year point (>730 days), specifically at
780 days. Furthermore, comparisons of overall trends in
body weight, general observations, clinical chemistry,
hematology or urinalysis do not support OSHA's contention

- that the low dose was healthier.

~ The absence of a dose response for nephropathy, where the

low dose shows a lower response than the control (75 and
87% nephropathy), is neither alarming nor unusual. In

the NTP-1 study there also are selected instances where
the response in the test group is lower than that in the
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control (i.e., controls vs. low dose, respectively, in
males: lymph node hyperplasia 20% vs. 2%; salivary '
inflammation 30% vs. 9%; kidney inflammation 84% vs. 17%;
in females: lung perivascular cuffing 73% vs. 8%; lymph

node hyperplasia 61% vs. 7%; salivary gland inflammation
63% vs. 13%).

OSHA is also incorrect that the low dose animals differed
from the other groups in the number of animals with '
abnormal teeth. Hazleton points out in their comments-
Glaister, 1990) that in OSHA's own statistics there is no
significant difference (p = 0.125) between the low dose
and control males. The maximum occurrence at any time in
surviving animals was 6, 10, 11% for control, low dose,
and high dose animals, respectively. '

In any event, these data do not indicate that the low
dose males were healthier than the controls because of
the effect of competing causes of disease and random
variations in response. One cannot look at single or a
few individual site responses to evaluate the health
status or overall effect of the chemical. Again, these
data fails to indicate that the low dose group is
healthier than the control or is in any way abnormal.

Interestingly, although OSHA is concerned about the
failure of the randomization process in the HLE study, it
fails to note that the randomization process failed in
the NTP study.” In the BD report, NTP-1 states that "due
to an apparent inadequate randomization, initial weights
in dosed males and females were 9-11% higher than those
of the controls". Using similar logic, it is possible
that OSHA could draw the conclusion that the NTP-1 test
group animals were healthier than the controls.

accuracy of the data.

Like the NTP-1 biocassay, the HLE rat study has undergone
two independent audits, one conducted by BIBRA and the
other by the UK H&SE. In addition, HLE conducted its own
internal audit. These audits have demonstrated
comprehensive data trails and have evidenced that the

" study is sound.

_Hazleton has addressed quality issues raised by OSHA

through its comments on the ICF/Clements risk assessment
of BD (Owen and Brightwell, 1987) and its recent comments
on the proposed standard (Glaister, 1990) (see
attachments). They have noted many cases where
statements were inaccurate and misleading. These
investigators also have identified instances where OSHA's
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comments have created false impressions about error rate
and have suggested far greater implications for
quantitative risk assessment than are real. In general,
these responses have shown that OSHA's concerns are not
justified and are not supported by fact. For these
reasons, HLE has provided additional clarification to
assist OSHA.

In Appendix II HLE points out:

1) that the rat study has received three independenﬁ
audits;

2) that the audits did not reveal any problems, as
noted in the NTP-1 study, which would necessitate a
100% review; :

3) that the tissue accountability was excellent even by
present standards;

4) that the internal QA review showed the final report
to be an accurate reflection of the data:

5) that the absence of an "NTP-type™ review does not
make this a flawed study, and;

6) that OSHA continues to utilize a statistical
procedure which is known to introduce bias.

While some of the issues raised about the conduct of
these studies are important, none are of sufficient
weight or validity to negate the distinct difference in
species response in BD or its utility for risk
assessment. These findings strongly indicate that the
response observed in the Hazleton (UK) study is the
result of the biological response of the rat under
specified exposure conditions and is not an artifact of
the treatment, reporting, or quality of the data. This
conclusion is supported by the species differences
observed in in vitro mutagenic, metabolism and
pharmacokinetic studies.

In general, we do not believe that the criticisms are
-- justified, or that they provide a basis for choosing the
mouse over the rat for guantitative risk assessment.

The use of consistency with other agencies or agency
contractors as a basis for selecting data for risk

12
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assessment is inappropriate and irrelevant. Since the
CAG and ICF Clements documents were prepared, a
considerable amount of information has been developed on
species differences in pharmacokinetics, metabolism and
mechanism of action. These data do indicate that the
mouse is not a good model of human response to BD. This
clearly emphasizes that the "best" animal model, not
consistency, is the relevant factor.

III. NTP-2 MOUSE BIOASSAY WITH BD

AI

Overview -

A second house bioassay with BD has beén conducted by the NTP
to study the effects of lower concentrations. Although a
final NTP report is not available and the data is unaudited,
information on this work has been provided by Melnick et al.

(1989a), Melnick et al. (1989b), Melnick (1989) and Melnick et

In this study, B,C;F, mice (70 to 90/sex/group) were exposed to
0, 6.25, 20, 62.5, 200, or 625 ppm 6 hrs/day, 5 days/wk for
periods up to 2 years. Interim sacrifices were conducted at
40 and 65 weeks on as many as 10 mice/group. While it is not
clear what was evaluated during the interim sacrifices,
hematological parameters were measured at least at week 40.
In an effort to look at the effects of exposure duration,
additional groups of 50 male mice were exposed to 625 ppm for
13 or 26 weeks, 312 ppm for 52 weeks or 200 ppm for 40 weeks.
All animals in this stop-exposure study were held until the
scheduled sacrifice at 104 weeks.

General Findings of the NTP-2 Mouse Bioassay

Only a few changes were reported prior to the scheduled
termination of the study. At the 40 week sacrifice,
hematological changes were found in groups exposed to
concentrations of 62.5 and higher. Red blood cell count,
hemoglobin concentration and packed red cell volume was
decreased, while mean corpuscular volume was increased.
Similar hematological changes were noted for females, although
no data were reported. No data were reported from the 65 week
sacrifice. For those groups where 104 weeks was the intended
exposure period, survival was reduced for both sexes exposed
to 20 ppm and higher. '

The results of this study had many similarities with the first
one (Tables 1 and 2). As noted in the first study, fatal
tumors were the cause of the decreased survival. Again, the
occurrence of malignant lymphomas was the major cause of early
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deaths. Also, a similar potent carcinogenic response was
cbserved.

Effects in the lung and lymphopoietic system were the most
interesting findings. An analysis of the data revealed an
excess of lung tumors in females at the lowest dose, 6.25 ppm.
At concentrations below 625 ppm, lymphocytic lymphoma no
longer played a role as the major cause of early death. This
was evidenced by the low incidence of TL/L and improved
survival at lower doses. A higher incidence of heart, lung,
Harderian gland, liver, preputial gland and ovarian tumors
were noted at these lower concentrations which had a better
survival. This indicated that the lymphocytic lymphoma was a
competing cause of death at high concentrations (625 and

1250 ppm), precluding full expression of tumors at other
sites.

The "stop-exposure" experiments with BD in mice were conducted
to study concentration/duration interactions. cConditions were
established to compare similar total dose exposures derived
under different conditions. Approximately equivalent total
doses of 8,000 and 8,125 ppm-weeks were obtained through
exposures of 200 ppm for 40 weeks and 625 ppm for 13 weeks
while similar total doses of 16,224 and 16,250 ppm-weeks were

achieved through exposures of 312 ppm for 52 weeks and 625 ppm
for 26 weeks.

OSHA concludes that short-term exposure to BD induces a
stronger carcinogenic response than does long-term exposure at
a lower equivalent dose (p. 32788), which is apparent for some
tumor responses. While OSHA believes that these data support
a STEL of 10 ppm, they do not. These studies neither support
the concept of a STEL, nor demonstrate a need to establish a
STEL for BD at 10 ppm.

The results of these stop-exposure studies are quite variable.
The tumor responses in the forestomach (8,000 and 16,000 ppm-
weeks), the Harderian gland (8,000 ppm-weeks) and the
preputial gland (16,000 ppm-weeks) appear to be dependent on
total dose. The incidence of tumors within these total dose
groupings for these tissues is similar. F¥For the heart and
lung tumors response appears to be more dependent on duration
of exposure.

The leukemogenic response of the mouse in these studies is
even more complex. At 625 ppm the highest total dose

(16,250 ppm-weeks, or 625 ppm for 26 weeks) produce a greater
tumor response than the shorter 13 week exposure. However, at
lover concentrations (200 and 312 ppm), tumor response does
not appear to correlate with either exposure duration,
concentration or total dose. Generally, the data do indicate
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IV.

that at concentrations at dr above 625 ppm, concentration is
the major determinant of leukemogenic response. '

‘The probable explanation for the apparent absence of a dose

response for TL/L at some dose/regimens is the unique
invelvement of the bone marrow and the MuLV in the BgC,F
mouse. Table 1, 3 and 4 shows that the incidence of Ti/ﬁ
drops off dramatically below 625 ppm rapidly approaching
background. These data suggest that there are two mechanisms
of carcinogenicity operating in the BgC,F; mouse. At
concentrations below 625 ppm, the incidence of TL/L is similar
to background levels. The only potential outlier is the

200 ppm X 40 week group. '

It appears that once BD concentrations reach 625 ppm,
concentration, not total dose, is the most important factor.
This suggests that some non-pharmacokinetic/metabolic factor
is involved which is likely a threshold phenomena involving
the bone marrow and the MulV.

One could argue that the breakpoint for leukemogenic response
is 62.5 ppm BD, because this is the lowest concentration that
caused hemopoietic effects. While most of the responses
between 62.5 and 625 ppm are probably not significantly
different from the control, they are numerically elevated with
the exception of the 200 ppm X 104 week group. Still, it is
clear that the most demonstrable increased incidence in TL/L
occurs at 625 ppm and that this appears to be the results of
the unique bone marrow/MuLV mechanism of action that exists in
the B4C4F, mouse.

HIQEB!I!!_QI_BD_IQ!IQII!.IH.IE:.E!Q&ZI;HQEEE

A number of studies provide direct evidence that the mechanism
of toxicity of BD in the B4C;F, mouse is different than the
rat or primate. Research gy Liederman et al. (1986) and Irons
et al. (1986), shows that BD affects bone marrow stem cell
development and induces macrocytic megaloblastic anemia in the
mouse. These results are a striking contrast to the absence
of hematopoietic toxicity in the rat or primate (Owen et al.
1987; Owen and Glaister, 1990; Sun et al. 1989).

The fact that the bone marrow is a target organ of BD exposure
in the mouse is particularly important, since the TL/L in the
BgC4F, mouse provides additional evidence of bone marrow
involvement. The role of the bone marrow in radiation induced
murine T cell leukemia/lymphomas is well known as it is with
instances of chemically induced T cell leukemia/lymphomas.
Because bone marrow stem cell depletion frequently occurs
prior to radiation or chemically induced thymic neoplasms
(Kaplan, 1967 and 1977; Seidel and Bischof, 1983), BD stem
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cell depletion in the mouse as evidenced by the work of
Leiderman et al. (1986) suggest that this may play a major
role in the induction of TL/L by BD in this species. These
observations are clearly consistent with the cytogenetic
changes observed in the mouse and absent in the rat and
primate.

Another factor which makes the mechanism of toxicity unique in
the B¢gC4F) mouse is the presence and action of the endogenous
Murine ieukemia virus (MuLV). This virus is present in the.
BgC,F, mouse and most other strains of laboratory mice and is
only %ransferred vertically, from generation to generation.

It is of importance because it is known to play a role in the
expression of radiation induced leukemia (Gross, 1959). Also,
there is evidence that chemicals can interact with mouse

‘leukemogenic viruses (Raikow et al., 1983; Raikow et al,
1985).

In order to examine the role of the virus in BD carcinocgen-
icity, Irons et al. (1986), compared the incidence of TL/L in
the BgC4Fy and NIH Swiss mice exposed to 1250 ppm BD for one
year. %he NIH Swiss mouse was chosen because, unlike the
BgC,F, mouse, the MuLV proviral sequences are incomplete such
that no active viruses can be produced. They found that BD
caused a 4-6 times higher incidence of TL/L in the BgCaF
mouse {(with the virus) than in the NIH Swiss mouse. Ti/i in
both stains, was morphologically similar and was confirmed to
be of T cell origin. However, only TL/L from the BgC,F, mouse
contained the MulV "env" surface antigen.

These results provide strong evidence that the MuLV plays a
role in BD carcinogenicity in the mouse. They alsc indicate
that the occurrence of TL/L in the mouse is dependent on bone
marrow toxicity and the mouse virus. This mechanism appears
to be unique to the B4C,F, mouse, since no similar mechanism
is apparent in rats or primates.

ASSESSMENT OF THE FINDINGS

The results of the Hazleton (UK) and NTP bioassays provides
clear evidence that BD can cause chronic and carcinogenic
effects in rodents. However, these studies also show that
there are considerable qualitative and guantitative
differences in species response to BD. In the Sprague-Dawley
rat, BD is weakly carcinogenic. Lifetime exposure to levels
as high as 8000 ppm, causes a relatively low incidence of
tumors from organs/tissues of similar type. In contrast,
studies with the B,C,F, mouse indicate that BD is a potent
carcinogen in this species. This dramatic response is evident
from the high early mortality due to the occurrence of
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malignant lymphomas and the high incidence of tumors at a
variety of different sites. '

In the B4C,F, mouse significantly elevated tumor incidences
were seen gor TL/L, the heart, lung, forestomach in both sexes
and mammary gland, ovary and liver in females, while in rats
significant elevations were limited to the pancreas and testis
in males and the mammary gland and thyroid in females.
Furthermore, the benign mammary fibroadenoma was the only
tumor in rats which exhibited a significant increase at 1,000
ppm and only when benign tumors were included. This response
was in stark contrast to the mouse in NTP-2 where the tumor
incidences were significantly elevated at numerous sites and
occurred at dose levels 2 to 3 orders of magnitude lower than
in the rat (Figure 1 and Tables 1 and 2).

Although OSHA points out in the proposed rule that many
experts believe that mammary fibroadenomas represent a
carcinogenic response, the real issue is the implications of
this observation on human cancer risk assessment.

We know that mammary tumors occur at a high rate and variable
frequency (14.6-58.1%) in untreated rats of this strain. Such
high background variability suggests that non-genotoxic
mechanism may be involved in the occurrence of these benign
tumors. The fact that fibroadenomas are estrogen-induced
(Lorenz, J., Glatt, H. R., Fleischmann, R., Ferlintz, R., and
Oesch, F., 1984), indicates that other factors may effect not
only the occurrence, but the risk.

Another important point is that mammary fibroadenomas are of a
different histological type and do not progress to a malignant
form (IRLG, 1979). For this reason, it is not appropriate to
combine mammary fibroadenomas and carcinomas for risk
assessment purposes. In fact, because of the likelihood of
the involvement of a non~genotoxic mechanism, the HLE mammary
fibroadenomas should not be used in traditional risk
assessment modeling. : o

This difference in species response in the animal biocassays is
consistent with other data, which both confirm and explain the
basis for these results. Mutagenicity studies show that.
although BD is active in jn vitro tests, the response is quite
different in vivo (de Meester et al. 1980; Poncelet et al.
1980) . Cunningham et al. (1986) and Arce et al. (1990) report
that BD is mutagenic to mice in bone marrow microneuclic and
sister chromated exchange (SCE) assays, but not mutagenic with
rats. Similarly, studies by Sun et al. (1989) indicates that
BD does not cause an increase in SCE in primates. These
differences are supportive evidence of a divergent species
response.
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The existing data on BD appears to indicate that there is more
than one mechanism involved in BD carcinogenicity in the B,G,F,
mouse. Studies by Leiderman, et al. (1986) and Irons, et al.
(1986a, 1986b, 1987a, 1987b and 1989), show that the
occurrence of the TL/L in the B,C,F, mouse is dependent on the
occurrence of bone marrow toxicity and the presence of the
murine leukemia virus, endogenous to this species.

These studies provide evidence that BD alters stem cell
development and induces macrocytic anemia in the mouse. Stem
cell depletion therefore is likely to play a critical role in
BD induced TL/L in the mouse because such depletion in the
bone marrow is often a precursor of radiation induced thymic
neoplasms (Kaplan, 1967, 1977; Seidel and Bischof, 1983).
Mechanism studies of leukemogenic action in the B.C,F, mouse
with MuLV and in the NIH Swiss mouse without the complete
virus show that both species exhibit the same hematological
and bone marrow cytogenetic abnormalities (Irons et al. 1986
and 1987). However, there is a four times higher incidence of
TL/L in the B¢C,F, mouse which is associated with an increase
in the amount oi ﬁuLV recoverable from the bone marrow. These
observations indicate that MuLV background influences the
susceptibility of the mouse to BD induced leukemogenesis and
that bone marrow damage is a prerequisite for leukemogenesis
with the MuLV influencing the degree of susceptibility of the
mouse (Irons et al. 1989).

The NTP-2 Bioassay shows that malignant lymphomas cease to be
a factor at lower levels. This indicates that at lower levels
the prime determinant of the carcinogenic potential of BD in
the mouse is its ability to absorb and metabolize BD.

Numerous studies (Malvoisin et al. 1979; Bond et al. 1986,
1987 and 1988; Malvoisin and Roberfroid, 1982; Bolt et al.
1983 and 1984; Kreiling et al. 1986a and 1986b; Bond et al.
1986; Sun et al. 1989; Laib et al. 1990) have shown that BD is
metabolized to mono- and diepoxides, the presumed ultimate
carcinogen and that there are wide species differences in the
metabolism and pharmacokinetics of BD.

These studies show that the amount of BD absorbed and
metabolized (activated) is greater in the mouse than rats or
primates. Higher metabolic capabilities in some tissues, like
the lung, combined with relatively less ability to deactivate
and eliminate the epoxides, help explain the occurrence of
lung cancer in the mouse and its absence in the rat or man.
Variability in incidence rates in the "stop-exposure™ are
probably the result of the effect of competing causes of death
at high levels and differences in body distribution, in the
specific pharmacokinetics and metabolism of each tissue, and
mechanisms of toxicity.
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The results of a number of animal studies indicate that BD is
a carcinogenic in animals. It is weakly carcinogenic in the
Sprague-Dawley rat and a potent carcinogen in the B4C3F,
mouse. Mutagenic studies are consistent with these
observations. BD is mutagenic in jpn vitro bacterial assays
and clastogenic in in vivo studies in mice, but it is not
clastogenic in rats or in primates. In addition, the
metabolism of BD to epoxides in rodents and primates provides
a generally acceépted mechanism for carcinogenic activity.

The most important question or issue, however, is which animal
is the best animal model of human response and therefore, the
best model for risk assessment. Both the HLE rat and NTP
mouse studies provide adequate data for risk assessment.
These studies and numerous others demonstrate that there is a
wide difference in carcinogenic and mutagenic response between
these species. The existing data do indicate which rodent

species is least likely to provide an accurate prediction of
human risk. C ) ‘ ‘

All of the carcinogenic, mutagenic, pharmacokinetic, and
mechanistic studies present consistent evidence that mice are
much more sensitive than rats, or primates. The fact that the
lowest effect level for BD was 6.25 ppm in the mouse and 1000
ppm in the rat, indicates that the mouse is 2 to 3 orders of
magnitude more sensitive than the rat. Although in vitro
bacterial assays indicate that BD is mutagenic, studies by
Cunningham et al. (1986), show that the highest no effect
level for sister chromatid exchange and micronuclear induction
was 50 ppm in the mouse, while levels as high as 10,000 ppm
failed to cause an effect in rats. Again, these studies
indicate that the mouse is several orders of magnitude more
sensitive than rats. While primates were not exposed under
the same conditions, Sun et al. (1989) report that they did
not find an increase in SCE in primates at levels as high as
8000 ppm for 2 hours.

The reason for these differences in susceptibility is that
both the biological handling and mechanism of toxicity in the
B¢C,F, mouse is quite different from that of the rat or
primates, including man. At 10 ppm the rate of uptake of BD
is seven-fold higher in the mouse than the rat or the monkey
on a body weight basis. This iz consiitent with the 15 to 100
times higher concentration of -“c-BD/““C-BD metabolites in the
mouse tissues than in the rat.

Oonce BD is absorbed, the mouse also has a greater capagity for
metabolizing BD to the epoxide forms, the presumed ultimate
carcinogens. Studies by Dahl et al. (1990), show that the
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BgC4F, mouse produces 590 times more BD monoepoxide and 40
times more BD diepoxide at 10 ppm than the monkey.

Likewise, in vitro metabolism studies of BD show that epoxide
production is higher in tissues in mice than in rat, monkey,
or human tissues. In fact, monkey and human lung did not even
produce any measurable epoxide (Schmidt and Loeser, 1985).

The higher blood and tissue levels of BD and BD epoxides in
the mouse are not unexpected when one considers the metabolic
capacities of the different species. Comparisons of the
relative ratios of specific enzyme activities (Table IV)
calculated from Lorenz et al. (1984), show that the mouse has
over a 1,000 times greater activation capability
(monooxygenase specific activity) than man, while the specific
activity of deactivation enzymes, such as epoxide hydrolase is
lover. What this means is that the mouse can make a lot more
epoxide and has relatively less ability to get rid of it.

This is even true when one compares lung monooxygenase with
glutathione-S~-transferase for mice and man.

Oon the whole, these data show that a generally accepted
mechanism exists for BD to cause cancer in rodents and
primates, but that it is less likely that cancer will occur in
the rat, the monkey and man than in the mouse. Furthermore,
the pharmacokinetic, metabolism, mechanistic and epidemiology
data do indicate that certain types (sites) of cancer observed
in the BgC,3Fy mice exposed to BD are not likely to be of
concern 1n man.

Lung effects are evident in both the HLE and NTP-1 studies.
In 8,000 ppm male rats, lung weights are slightly higher anad
the incidence of focal metaplasia is increased. While nasal
metaplasia is elevated at the high dose NTP-1 study, the
predominant respiratory finding of NTP-1 and NTP-2 was the
occurrence of lung tumors at doses as low as 6.25 ppm. These
findings, however, are of little significance to man. Table 5
shows that the specific activity of the epoxide producing
enzyme for different species, monooxygenase in the lung of
mice is approximately 10 times higher than the rat and more
than 1,000 times higher than in man. These data are
consistent with the absence of lung cancer in rats or in BD
production, or SBR workers (Meinhardt et al., 1982; Downs et
al., 1987; Divine, 1990; Matanoski and Schwartz, 1987;
Matanoski et al., 1990). Although the rat is closer to man
than the mouse with respect to its metabolic capacity, the
limited lung changes in the rat still were only present at BD
concentrations 4,000 times higher than the proposed OSHA PEL.

Kidney nephropathy, a common finding in aging male rats, also
is present in the HLE study. A higher incidence of the more
severe grades of nephropathy is evident only in the high dose
group (8,000 ppm). Because there was no difference in the
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incidence of nephropathy across groups, this response is
simply an exacerbation of an existing condition in senile male
rats. Again, while the rat appears to be closer to man than
the mouse in its response to BD, this chronic effect occurs
only at an exceptionally high concentration which is 4,000
times higher than the proposed OSHA standard. This fact,
combined with the absence of any kidney effects in the most
sensitive species, the mouse, and the absence of any
significant excess in kidney disease in BD/SBR cohort studies,
also indicates that the kidney is not a site of concern
(Meinhardt et al., 1982; Downs et al., 1987; Divine, 1990;
Matanoski and Schwartz, 1987; Matanoski et al., 1990).

Studies by Irons, et al. (1986) and Leiderman, et al. (1986)
also. demonstrate that the thymic leukemia/lymphoma in the

- ‘BgC3Fy mouse is dependent on the occurrence of bone marrow

toxicity and the presence of the endogenous murine leukemja
virus. Since the bone marrow is not a target organ in the rat
or primates, the occurrence of TL/L in the mouse is of
doubtful relevance to man. '

In summary, the existing data show that there is a wide
difference in the carcinogenic and chronic toxicity response
of different species to 1,3-butadiene on both a qualitative
and quantitative basis. These data also reveal that these
divergent responses are the result of major differences in
pharmacokinetic and metabolic handling and in mechanism of
toxicity between species. Furthermore, the studies as a whole
indicate that the mouse is very sensitive to BD and is not a
good model of BD toxicity in man. Although there are some
differences between rats and primates in the pharmacokinetic/
metabolic handling of BD, the rat is a much better model for
predicting human response to BD than the mouse.
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FIGURE 1.

COMPARISON OF TUMOR INCIDENCES (PERCENT OVER BACKGROUND)
IN SPRAGUE-DAWLEY RATS AND B4C,F;, MICE EXPOSED
1,3-BUTADIENE (M.L. = MALIGNANT LYMPHOMA;

M.G.F. = MAMMARY GLAND Fianqannnonas;

Z2.G. = ZYMBAL GLAND).
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TARGET /NEOPLASM
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000081

"EXPOSURE CONCENTRATION (PPM)
0 6.25 20 62.5 200 625

LYMPHOCYTIC

LYMPHOMA 3 (70)* 2 (60) 3 (60) 6 (69) 3 (70) 69 (90)
HEART:

HEMANGIOSARCOMA 0 (70) O (60) 2 (60) 9 (58) 29 (70) 7 (90)
T™NG: |

_JVEOLAR-BRONCHIOLAR . | o
NEOPLASM 31 (70) 38 (60) 33 (60) 48 (69) 60 (70) 14 (88)
FORESTOMACH:

SQUAMOUS CELL \

NEOPLASM 1 (70) O (60) 2 (60) 8 (60) 17 (70) 15 (89)
HARDERIAN GLAND: : |
NEOPLASM 9 (70) 12 (60) 18 (60) 35 (69) 47 (70) 8 (90)

' LIVER: HEPATOCELLULAR .
NEOPLASM - 44 (70) 45 (60) 59 (59) 54 (59) 56 (70) 13 (89)
PREPUTIAL GLAND:
NEOPLASM 0 (70) O (60) O (60) O (69) 7 (70) 0O (90)
a = NUMBER OF ANIMALS OBSERVED.



B6C3F) MICE EXPOSED TO
1.3-BUTADIENE POR UP 7O 2 YEARS (NTP=-2)
PERCENT INCIDENCE
TARGET /NEOPLASM EXPOSURE CONCENTRATION (FFM)
0 6.25 20 62.5 200 625

LYMPHOCYTIC

LYMPHOMA 3 (70)* 7 (60) 10 (60) 4 (70) 16 (70) 40 (90)
HEART:

HEMANGIOSARCOMA 0 (70) O (60) 2 (60) 2 (59) 29 (70) 29 (90)
LUNG:

ALVEOLAR-BRONCHIOLAR ‘.'
NEOPLASM 6 (70) 25 (60) 32 (60) 39 (70) 46 (70) 28 (88)
FORESTOMACH

SQUAMOUS CELL

NEOPLASM 3 (70) 3 (60) 5 (57) 6 (68) 10 (70) 31 (89)
HARDERIAN GLAND:

NEOPLASM 13 (70) 17 (60) 12 (60) 23 (69) 31 (70) 8 (90)
LIVER: HEPATOCELLULAR

NEOPLASM - 25 (69) 33 (60) 38 (60) 40 (60) 33 (60) 3 (90)
MAMMARY GLAND:

ADENOCARCINOMA 0 (70) 3 (60) 3 (60) 9 (70) 19 (70) 14 (90)
OVARY: GRANULOSA

CELL NEOPLASM 0 (69) O (59) © (59) 13 (70) 16 (70) 7 (89)
a = NUMBER OF ANIMALS OBSERVED.
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PERCENT INCIDENCE
EXPOSURE CONCENTRATION (PPM)

TARGET/NEOPLASM
0 200 625 312 625
CONTROL SE 40 WK SE 13 WK SE 52 WK SE 26 WK.
(8,000)" (8,125) (16,224) (16,250)

LYMPHOCYTIC

LYMPHOMA 3 (70)° 12 (50) 34 (50) 6 (50) 60 (50)
HEART: .

HEMANGIOSARCOMA 0 (70) 30 (50) 14 (50) 66 (50) 26 (50)
LUNG:

ALVEOLAR-BRONCHIOLAR

NEQPLASM 31 (70) 70 (50) 54 (50) 64 (50) 36 (50)
FORESTOMACH:

SQUAMOUS CELL

NEOPLASM 1 (70) 12 (50) 16 (50) 26 (50) 22 (50)
HARDERIAN GLAND: 7

NEOPLASM 9 (70) 54 (50) 46 (50) 56 (50) 22 (50)
PREPUTIAL GLAND:

NECPLASM 0 (70) 2 (50) 10 (50) 8 (590) 6 (50)
a = TOTAL EXPOSURE BXPRESSED A8 PPM-WEEKS

D = NUMBER OF ANIMALS OBSERVED.
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DOSE REGIMEN TOTAL DOSE TL/L

(PPM X WEEKS) (PPM - WEEKS) INCIDENCE (%)

0 X 104 0 3
6.25 X 104 650 2

20 X 104 2,080 3
62.5 X 104 6,500 6
200 X 40 8,000 12
625 X 13 8,125 34
312 X 52 16,224 | -6
625 X 26 ' 16,250 | 60
200 X 104 20,800 ' 3
625 X 65 40,625 69
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MONOOXYGENASE

LIVER LUNG

EPOXIDE-
HYDROLASE

LIVER LUNG

GLUTATHIONE-S
TRANSFERASE

LIVER LUNG

MOUSE 4 1220 0.2 0.7 3.2 9.3
RAT 2 180 1 0.7 0.8 1
j)‘MAN 1 1 1 1 1 1
CALCULATED FROM LORENZ ET AL. (1984)
33
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. Butediene _elmke-(- APPENDIX :

Fron Q@HAZLETON UK @

28 May 1987

Oty Road, Harrogete
North Yorishire HG3 1PY Englend

Dr. J. Martonik,

US Dept. of Labour,

OSHA, .

200 Constitution Av. N.W.,
Room N3718, .
WASHINGTON OC 20210,

USA.

Dear Or. Martonik,

Review of the ICF/Clement risk assessment of 1,3 butadiene

Hazleton has been made aware of the ICF/Clement risk assessment of 1,3
butadiene and in particular the criticisms of our conduct of the 2 year
inhalation study in rats. :

This document has been prepared to address those criticisms in the hope
that this will provide a balanced viewpoint from which OSHA can work.

In order to provide & complete response 1 have dealt with the comments
of ICF/Clement on a point by point basis and where necessary 1 have
appended supportive documentation. Initially, however, 1 should 1ike to
draw your attention to what Hazleton regards as key omissfons or errors
in the ICF/Clement report.

1. This study has been audited by the United Kingdom Health and Safety
Executive. During the audit Hazleton demonstrated comprehensive
data trails for all aspects of this study.

2. Rats as a test species neither have the behavioural inclination or
physical attributes which make the mousa a master escape artist.
“;eiﬂ %k of the Hazleton test animals escaping was therefore
minimal.

3. 1CF/Clement have combined values for 2 di stinctly different lesions
{angiectasis and telangiectasis) thereby misleading the reader.

4. The Hazleton report is a complete document providing a
comprehensive review of the conduct of this study.

5. Hazleton believa that the 3 tier review of
a)  The British Industrial Blological Research Association
b) UK Health and Safety Executive
¢) Internal Quality Assurance audits : .
has c?‘:ﬂmd beyond reasonable doubt the soundness of this plece
of work. ' :

The following are our comsents on a point by pofnt basis. | 846086
Continued . . -
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28 May 1987

ICF/Clement document reference P16 section 2.2

Comment: 'While statistically significant elevations of tumour
Thcidence were observed, the findings were not nearly so striking or
unambiguous as in the NTP bioassay’.

Resggnse: 1 do not believe the Hazleton study can be termed ambiguous
as completed more than 104 weeks of exposure and demonstrated a clear
biolegically significant response at the high dose Tevel; ref. reduced
survival and {ncressed tumour incidence. o

ICF/C!emeni document reference P16 section 2.2.1
Comment: 'Chambers were opened following the exposure period and left

open overnight. Additionally, one rack of cages from each chamber was
renoved and placed in the exposure room overn ght'.

- Response; Hazleton considered it good-practice not to confiné the

anIRals within chambers overnight when supervisory staff were not on
duty. To increase the airflow around the animals cages one battery from
esach chamber was pulled out into the exposure room. “Since location of

the cages on the batteries was randomised at weekly intervals it was

considered that no bias was introduced by keeping one pattery inside the
chamber while the other was pulled clear.

As rats are not prone to escape from their cages this activity did not
compromise the study 1ntegr1ty in any way. It should be recognised that
rats do not have the physical attributes or behavioural inclination that
make mice such good escape artists.

1CF/C1ement document reference P17 section 2.2.1

Comment: ‘Histopathologic examination was performed on a selected set

ST Tissues from control and high dose animals. Selected target organs
(Zymbals' gland, thyroid, lung, kidneys in males, skin, mammary gland,
?ancreas, brain, uterus, testes) and gross lesions were examined from
ow-dose 2nimals’.

Response: Hazleton examined the tissues strictly in accordance with
3?5%%537 content and the sponsors wishes. The rationale for the
selection of the tissues from the low dose is clearly that they were
those identified as potential targets from the top dose group (see
Appendix 1 Gaunt's letter to Bird 29 April 1987).

ICF/Clement document reference P17 section 2.2.2

Comment: 'It is stated that angiecﬁasis is a synonym for
Telangiectasis’',

Response: ICF/Clement are at fault in combining the 2 lesions.

Iﬁgiecfﬁsis and telangiectasis are 2 d1fferent lesfons and therefore

should not be combined together.
' Continued . . -
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Dr. J. Martonik,

ICF/Clement document reference P17 section 2.2.2

Comment: 'No consistent exposure-related trends occurred in the body
weignts of animals, haematology, urinalysis, blood chemistry and
neuromuscular function'.

- pesponse: This is the same comment as was made regarding the NTP study.
wever, the mortality and tumour incidence showed a distinct increase
:ith gxpo%ure as opposed to the higher survival rate of the NTP high
ose females. _

The mortality of the controls in the Hazleton study was consistent with
values obtained for controls 1n a contemporary ijnhalation study. These
data are presented 1n the Hazleton report pages B121 and B8123. This
fact further demonstrates that the animal husbandry practices were
adequate for . a study of this type.

Comment: 'The number of livers examined in terminal sacrifice male rats
_qan"n'ot'be determined’.

Resoonse: Table 26 page 873 of the Hazieton report indfcates the number

'r'z%frbo r y group that were examined -at termination. ICF/Clement are

go;t{qc'gli n stating that the {nformation does not appear in Tabie 24 or
able 31. ,

1CF/Clement document reference P18 section 2.2.3

Comment: ‘In additfon, focal alveolar epithelfatization occurred at the
Tollowing incidences’.

Mﬂe Female
Control 5/45 (11%) 4/46 ( 8.7%)
8000 ppm 10/31 (32.3%) 3/24 (12.5%)

The laboratory did not consider the following to be evidence of chronic
pulmonary toxicity.

response: Hazleton does not regard the reported focal alveolar
?1%111: etjalization as evidence o chronic pulmonary toxicity.

At the time this study was conducted focal alveolar epithelfalization
was 2 common finding in untreated 2 year old rats. The animal suppliers
were not geared to providing large nuwbers of barrier reared animals
necessary for the conduct of one of these studies and therefore
respiratory problems of this type ware extremely cosmon.

ICF/Clement document reference P19 section 2.2.4 .

, Comment: ‘The laboratory also cl assified manmary tumours as benign or
¥atar .

Cont‘ll'!ll‘d ¢ o &
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Response: When the females with subcutaneous mamnary masses either
Eecam!” so debilitated by the mass that they had difficulty moving around
the cage and feeding or the surface of the mass became abraded then they
were killed on humane grounds. In these cases the masses, although
%er:lgn, nad directly-led to the animals death and were consf{dered

atal,

1CF/Clement document reference P19 section 2.2.5

~ Comment: 'One of the primary problems with use of the HLE rat bioassay
Tor risk estimation {s that the study, unlike the NTP mouse study, has
gog undergone an independent critical audit of toxicology and pathology
ata.

Response: The audit by ICF/Clement is {ncorrect is pointing out that
This work has not undergone an independent critical audit of toxicology
and pathology data; it has in fact undergone 2. Duri'ng the study The
British Industrial Biological Research Association (BIBRA) monitored the
work on behalf of the sponsors IISRP (see Appendix 1). Their visits
which were awa{s followed by & written report of their findings (see
Appendix 2) took place as follows. ' '

Date of visit to HLE Phase of study

November 1977 Second month of in-life phase
January 1978 Fourth month of in-11fe phase

March 1978 -sixth month of in-1ife phase

June 1978 Ninth month of in-1{fe phase

July 1978 Tenth month of in-1ife phase
October 1978 Thirteenth month of in-1ife phase
November 1978 Fourteenth month of {n-11fe phase
January 1979 ${xteenth month of in-1ife phase
March 1979 Efghteenth month of {n=1ife phase
May 1979 Twentieth month of in-11fe phase
July 1979 Twenty second month of in-11fe phase
September 1979 Twenty fourth month of in=-11fe phase
October 1979 Terminal data review ‘
November 1980 Report preparation

February 1981 Report preparation

April 1981 Report preparation

June 1981 Report preparation

The outcome of these mon1tor1ng visits has been summarisad in the letter
from Dr. Gaunt (BIBRA) to Dr. ird (Exxon) dated 29 April 1987 (see
Appendix 1), 1 quots from this letter 'The visits always included the
viewing of the stage of the study in progress and revisws of the raw
data that had been generated {n tha meantime. We had compiete freedom
to demand any of the data and were not able to detect serious errors
reflecting problems in the conduct of the study'.

Continued . . -
0c0089
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The second external independent audit was carried out by the United
Kingdom Health and Safety Executive who sent 2 auditors to review the
data between 6 and 9 December 1983. During the audit a number of winor
findings were noted but the overall conclusion of Dr. R. Lowing of the
H4SE was, and I quote '‘the interpretation of the study by our scientists
was not altered due to any of the findings of tha audit’'. In addition,
the thyroid tumours which were identified by various of the sponsors
pathologists as the critical tumour type wera peer-reviewed by Professor
Paul Grasso who concurred with the original diagnosis.

During these independent audits Hazleton has repeatedly demonstrated
comprehensive data trails for all aspects of this study. Should any
further audits be reguired the auditors can be furnished with all the
detailed study records, SOP's to cover a1l operations, monitoring
reports and operation procedures from the Hazleton QA unit and
nistological slides with back up wet tissues.

Hazleton is particularly proud of the standard of 1ts own internal QA
procedures which were regarded as extremely advanced for the time that
this study was conducted.

As evidence of this 1 cite:

Historical SOP records indicate that during the period of this study the
QA used British Standard (BS) 6001 to determine sample size for audit
and BS 6001/6000 to determine the SAQL (Set Acceptable Quality Levell.
In some instances the percentage of data checked was determined by other
means see (SOP QAU 41-50 dated 1-12-79 Appendix 3).

In-1{fe audits - the frequency, scheduling and detailed audit and report
procedures are also found in the SOP's in place during this pertod.

Some examples are:

QAU 30 (Appandix 4) detafls the aspects of the study conduct that are
always evaluated. One of these aspects {s animal identification,
v:rifica%ion of each cage label and animal identity of 2 selected number
of animals.

QAU 34 (Appendix 5) states that 100% audit 1s carried out on key data
e.g. date of death and necropsy findings correlated with clinical
findings for incidental deaths.

Hazleton believe that the 3 tier review of:
1) BIBRA
3) HeSE @
3) Internal QA

has confirmad beyond reasonable doubt the soundness of this piece of

has ¢ 600050

Continued . . .
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I1CF/Clement document reference P2l - Lack of Complete Tissue
Examination

Comment ‘In the lowedose group, only selected organs and tissues (as
gescribed in Section 2.2.1) were axamined, The rationale for the
selection of the tissues to be examined was not fully explained and the
axact number of tissues, organs or animals which were examined cannot be
determined from the data presented. There is thus the potential for
under diagnosis of tesions in the low dose group and for distortions of
risk results generated from these data.

Response: The tissues examined by Hazleton were as per protocol and are
CTearty those jdentified as potential targets from the high dose. The
reason for the chofce of tissues, was clearly documented in protocol
amendment 24 and presented as page C1435 of the report. It seems very
unlikely that there could be toxicologically significant findings in the
1ow dose that were not present in the high dose group.

gﬁFlc1ement document reference P22 - Intercurrent Respiratory Infectious
sease -

Comment: A list of clinical signs are'presénted which indicated that
Sendal virus could_ue?\ have been present in the colony of animals.

Response: At the time this study was conducted Sendal virus was
cormon’y seen in Sprague-Dawley rats at this laboratory. Sendai
jnfection has never been regarded as particularly serious and providing
the humidity levels were kept high no 1asting damage to the eyas was
ever experienced.

$ince the overall survival in this study was good and comparable with
other contemporary 1on? term inhalation studies 1t would seem unlikely
that the Sendat infection had any mejor deleterious effect.

1CF/Clement document reference P22 - Post-exposure Chamber Protocol

Comment: 'Chasber doors were opened after the exposure period ended,
2nd one rack of cages from each chamber was removed from the exposure
chamber and placed into the exposure roon. This action allowed for the
possibility of escape of animals into the exposure room as u$11 as
switching of entire racks of cages between éxposure chambers .

Response: This question has been dealt with previously under the
FEB#%SE‘bf section 2.2.1. The removal of batterias from the Chambers
was done purely on animal welfare grounds and was aimed at providing a
petter circulation of air to the animals.

The existence of SOP's covering cage and animal identification, the
diligence of our staff and close scrutiny by the GA unit did everything
reasonable to preclude mixing of the exposure groups. Testimony to this
is drawn from Dr. Gaunt's letter to DOr. Bird {see Appendix 1) 'My own
viewing of the procedures at the laboratory lead me to believe that the

: ring was vanishingly smail'.
chance of such an event occur ing gly Sontinued - o o
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ICF /CTement doCument referénce P22 = Patho1ggx;Re1ated Issues

Comment: 'There are several major pathology-related jssues which could
TRSACT on study results and should be resolved before tumour incidence
data are usedrfor risk estimation',

Response: Since these pathology related {ssues fall into 2 discrete
EiT%g!ﬁE%e will be dealt with en bloc. The responses nave been provided
by Dr. J.R. Glaister, Head of Pathology:

1. Dr. Glaister read the main study. The other 3 pathologists
mentioned did examine health screen animals but this had no
material effect on the outcoma of the study.

2, Thyroid tumours were {dentified as the critical tumour type and
were peer-revigwed by Professor Paul Grasso. Professor Grasso
confirmed the original diagnosis.

The mammary masses palpated during the in-11fe phase were accounted
for at necropsy and then verified on a histology check 1ist which
went to the Pathologist. An extensive and complete data trail
exists to track these masses. All masses identified by the
Pathologist are accounted for in the final report.

3. Nonestandard format such as hand counting was the recognised way of
doing things 10 years age when computer Systems were not available.
We agree that hand counting is difficult which is why the figures
were checked several times including an audit by the QA department.
The tissue counts are in the raw data check 1ists should they be
required for review.

The incidence data on the sporadic deaths was not presented but the
Pathologist does not agree that toxic lesions would be masked since
‘ the cause of death was given.
4. Over diagnosis - 1) We racorded microscopic lesion as tumours .
2} Thyroid tumours were reviewed and agreed.

3) Pancreatic acinar tumours were stated as being
of debatable diagnosis.

4) This study was conducted 10 years ago before
publication of reference texts and was state of
the art at that time (see FASEB).

Continued . .

W i W e wf e




os. sC 03: 08 PM

~US DOL -~ OSHA-TDC PO3

Dr. J. Martonik,
OSHA,

Page 8,

28 May 1987

To summarise the feeling within Hazieton about this plece of work 1 can
do no better than quote Dr. Gaunts’ letter to Dr. Bird (see Appendix 1)
"My overall impression, and this {s supported by Paul Brantom, was that

there was an enthusiasm and dedication by the Hazleton staff to do the

job well. This exténded from the senfor management to the technicians
in the exposure facility or aytopsy room. ke gid our bast to find

faults and failed'.

- Xind regards,

Yours sincerely,

ﬂ

P.E. Owen, J. Brightwell,
Study Oirector, 0i rector of Toxicology,
for Hazleton UK ‘ for Hazleton UK
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@HAZLETON Ui
11 Gctober 1990 Otley Road, Harrogate

North Yorkshire HG3 1PY England

Dr. R. K. Hinderer, Telephone: (0423) 500011
The BF Goodrich Company, o ST 25620
3925 Embassy Parkway, Cables: Hazlaps Harrogate
Ak@on. .
Chio 44313, B Hazleton Laboratories Europe Lid.
USA. Registered in England No. 1171833

Registerad Office as above.

Dear Or. Hinderer,

1, 3 Butadiene: IISRP/Hazleton rat study

Thank you for giving me the opportunity to respond to the criticisms
raised by OSHA in their review of the study published in Federal
Register 55 (135).

I have related my comments to the following issues:-
- lLack of comparability among male rat groups.
- Study audit and review.
~ Study Pathologists and related issues.

A written comment on the randomisation issue by John Alexander (HUK
Biostatistician) is also enclosed.

These comments merely reinforce previous statements that the HLE rat
study was conducted to very high standards for its time and is an
appropriate study for risk assessment.

Yours sincerely,

e

J. R. Glaister
Director of Pathoiogy
for Hazleton UK
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OSHA COMMENT » Lack of comparability among male rat groups

In HLE's opinion, it is usual to expect intergroup differences in long
term carcinogenicity studies to occur purely on a random basis because
of the numerous intergroup statistical comparisons made. The foliowing
comments are offered with specific reference to the QOSHA inference that
the low dose males were "healthier" than the contro]s due to a flawed
randomisation process

Survival: 45 controls vs. 50 low dose survivors at termination
was not significantly different. OSHA fail to provide
statistical evidence for their assertion that “survival for the
low dose males was better than survival for the controls",

"HLE's analysis showed that the survival curves of the low dose
groups of both sexes were not s1gn1f1cant1y d1fferent (p >

0.05) from those of their respective controls.

Nephropathy: If OSHA conclusions about survival cannot be
substantiated, then their assertion that one would expect to
see "more nephropathy because the low dose males !ived longer"
is equally invalid. Data of 87% vs. 75% of animals with
nephropathy is at best marginally significant (p 0.03) and in

HLE's opinion does not rate any biclogical significance when

the vast majority of cases were in the minimal to siight range
as would be expected in ageing rats.

Tumour-bearing animals - the incidence in group 2 was lower
than in the controls for the simple reason that tissue
evaluation was limited compared with controls. Any conclusions
regarding differences between groups that have different
sampiing protocols is not scientifically valid and should be
dismissed out of hand. Attempts to support such a comparison
by reference to females is not valid because tumours in femaies
are dominated by pituitary and mammary tumours which are often
grossiy visible. Such tumoﬁrs are therefore more likely to be
sampled because of the “"gross lesions® protocol requirement in
low dose animals. Therefore, differences in the number of

000095
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tumour-bearing animals in females will be less marked than in .
males in which many of the tumours are microscopic entities,

- Abnormal teeth: by their own statistics, OSHA show that there
is no significant difference between low dose and control maies
(p = 0.125). The finding of malocclusion in rodents is ccmmon
and irrelevant {unless the compound is fluoride!), and
"approaching statistical significance" is a very weak attempt
to support what was already a spurious and scientifically

invalid argument that the randomisation procedure was
incorrect.

In summary, the assertion by 0SHA of the lack of comparability ignores
the fact that an approved randomisation procedure was done. The
intergroup comparison they present is largely scientifically invalid,
statistically insignificant and of dubious or no biological relevance.
Their assertion is without foundation.

QSHA CCMMENT o Study audit and review

The OSHA concern about the adeguacy of the study audit to which the
bioassay was subjected has been addressed on several previous occasions.
The important points made were:-

- The study was continually reviewed/audited by the British
Industrial Biological Research Association (BIBRA) who paid 17
visits to Hazleton during the course of this study. The
outcome of these monitoring visits has been summarised in a
letter from Dr. Gaunt (BIBRA) to Dr. Bird (Exxon) dated 29
April 1987. We quote from this letter "The visits always
included the viewing of the stage of the study in progress and

- reviews of the raw data that had been generated in the
meantime. We had complete freedom to demand any of the data
~and were not able to detect serious errors reflecting problems

in the conduct of the study".

- The second external audit was carried out by the United Kingdom
Health and Safety Executive who sent 2 auditors to review the

o 000096
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data between 6 and 9 December 1983. The overail conclusion ¢f
their Or. Lowing was "the interpretation of the study by our

scientists was not altered due to any of the findings of the
audit. '

However, OSHA are correct in their assertion that this old study was not
audited according to current NTP methods. This was not a common
practice in Europe at that time and the statement is of no relevance
uniess OSHA intend to invalidate most of the carcinogenicity studies

done in furope in the last decade. With reference to particular
points:-

- slide/block review: the universal practice of quality control
and quality assurance is built around sampling technigues
derived from international sampling standards. The sampiing
approach was adopted for this study. The adequacy of a 2%
sample can be debated by the statisticians, but there are no
grounds for invalidating the sampling type of audit just
because the mouse study was given a 100% review. This was
overkill by qualify control standards.

- Tissue accountability: HLE should be congratulated on their
high rate of tissue recovery which is excellent even by today's
standards. OSHA's implied criticism that a recovery rate of
"only" 99% for thyroid samples "has important implications for
quantitative risk assessment" would invalidate virtually every
carcinogenicity study ever done if taken to the letter of the
law. To debate whether the 1% error rate relates to two
thyroid lobes in one animal or one lobe in each of two animals
is clearly a ludicrous extreme. The impact of such a low error
rate on the statistical analysis of thyrdid tumour fregquencies
of 0/100 vs. 11/100 is so small as to be meaningless. Thus,
the statement “important.imp1ications for quantitative risk
assessment® is equally meaningless and the criticism should be '
revoked. '

Having said that, HLE accept that it is difficult for the
reviewer to determine exactly which tissues have been examined

Y larotn 000037

FENPRVLE WS WY



4 of 9

in each individual animal. These data are available in the raw
data if OSHA feel the need to know exactly which animal(s) had
the missing thyroid lobe.

Pathology raw data: These are currently defined as the final
signed report and the slides/blocks. The slides/blocks are
archived and the final signed report was as issued. This study
was done in the days before pathology computers were in vogue
and the "“raw data“ were usually the originail typescripts with
the pathologists corrections on them. Such "draft® data would
not be retained by todays standards and only the final report
would be archived. The assertion that "it was impossible to
verify the study's final report as an accurate reflection of
the raw data" thus depends on the definition of raw data -
the draft data or the final signed report?

If the HLE study pathologist's recall is correct, the raw data
were available at the internal QA audit stage ie. the issued
final signed report was an accurate reflection of the raw data.
The “raw data" could not be located at the subsequent external
audits some years later. A post-audit mislocation of draft
typescripts of debatable value as raw data by today's standards
cannot be used as evidence of poor study conduct at the time
the study was done. '

Tumour incidence counts: as stated previously, the study was
done in the pre-computer days of pathology in HLE and most
other companies. Incidence data counts were therefore done
manually. Such counting is obviocusly prone to human error, but
we can only state that the counts would be data checked in
pathology prior to release of the draft report and 100X checked
again by QAU prior to release of the final report. Whilst
"there can still be no absolute guarantee of total and complete
accuracy, the incidence counts by HLE were done to the highest
practicable standard available for manually generated data.

The criticism levelled by OSHA at the HLE report is therefore
unjustified.

P i Vi N
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HLE cannot comment formally on the incidence counts generated
by ICF and Environ. Some of the "problems" generated by manual
counts are the result of merging data for presentation in the
incidence summary tables and the pooling of data for
statistical analysis. It is possible, and perhaps highty
likely, that different counts were due to different merge
strategies being adopted by the summary data generators. If
this was the case, the study itself cannot be criticised by
OSHA as-the difference lies in the risk assessors approach to
data merging for ana]ysis.' OSHA are perfectly entitled to
adopt their own preferred count and merger methods on the
individual animal data records for risk assessment if they do
not agree wieh the strategy adopted by others.

Pathology peer review: as alluded to earlier, NTP-type reviews
were not common practice outside NTP study programs. The
scientific review in this study focused on the critical areas.

The increased number of subcutaneous masses in females was
clearly evident from the clinical and necropsy data without any
real need to review the histopathology findings. OSHA also
accept this position without any apparent hesitation. "There
can be no doubt that there was a substantially increased
incidence of mammary fibroadenomas in the exposed female rats
in the HLE study”. '

The significance of increased benign mammary tumours as
evidence of carcinogenicity is arguable aid therefore the
critical peer review focused on the thyroid tumours. Peer
review of this critical tumour type was thus undertaken and the
thyroid tumour data confirmed. |

The fact that an NTP-type review was not done on this study nor
on most European studies at that time is not an acceptable
criticism of any study - it is merely the statement of a fact
of 1ife. OSHA cannot make any assumptions that this study
would have failed a review at that time. However, in view of
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the gquality problems that did occur in some carcinogenicity
studies, HLE sympathises with QSHA's concern that they '
generally feel more assured with NTP-reviewed studies.
Unfortunately, there was no requirement in law at that time to
review studies in that manner and criticisms so long after the
fact cannot be accepted.

0SHA COﬂMENT . Study pathologists and related issues

Study pathologist: HLE agrees that the designation of
pathologists to the various aspects of the study was unclear in
the report. However, HLE can confirm that the 2 year
carcinogenicity study was evaluated by a single pathologist,
thus assuring that there was consistency in the diagnosis of
neoplastic and non-neoplastic lesions. The conduct of the HLE
study therefore cannot be criticised from that pocint of view.

A simple request for information from OSHA would have prevented
this item from appearing as a suspect point in the conduct of
the study.

Endocrine diagnoses: HLE sympathises with OSHA over the
problems in reviewing old studies in the face of the

" everchanging nomenclature of the toxicological pathologist.
There are 2 main points to consider in response to their
comments, the translation of old terminology to the more recent
synonyms and the fact that only the terminal kill animais were
tabulated for non-neoplastic lesions.

On synonyms, for exampie, cortical cell vacuolation would be
Synonymous today with the altered cell focus or vacuolated
focus characteristic of the ageing male rat adrenal cortex.
The incidence data clearly support this sex-related
disposition. Similarly, angiectasis ("blood cysts®) is a
common fate of hyperplastic altered cell foci and nodules in
the female adrenal cortex and is synonymous with the use of
those terms today. Again, the incidence data clearly indicate
the classical preponderance of these lesions typical of the
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female rat adrenal cortex. Similarly, the term cystic follicle
would probably transiate today as follicular cystic hyperplasia
or an equivalent term. Thus, some of the endocrine
proliferations are hidden under other synonyms.

. Assessment of other endocrine proliferations is more compliex

and less clear-cut. Criteria for diagnosis even today are
still under review by various societies of Toxicological
Pathologists and were very limited over a decade agc when only
one appropriate text book was in existence (Pathology of Aging
Rats. J. D. Burek (1978) CRC Press). Any retrospective
opinions about such old data should be reviewed with this in
mind and by definition will be speculative, HLE offers the
following comments which hopefully will be more, but certainly
no tess valid than the comments made by other reviewers.

The minor diffuse C-cell hyperpiasia characteristic of ageing
rats was probably accepted as normal background pattern and

-placed upder the recording threshold. Attention would be

focused on the focal proliferations, the microscopic variants
of which would pfobab1y be diagnosed as microscopic C-cell
adenomas. A similar situation would hold for the adrenal
medullary phaeochromocytoma and the gualifier "microscopic" is
used throughout the report for the contentious minor variants
of these borderline hyperplasias/neoplasias. '

The suggestion that some of the minor thyroid C-cell and
adrenal medullary cell proliferations may have been
overdiagnosed by today's standards may have some merit.

~ However, this would not impact on the conclusions drawn from

the study. It is a common practice to pool (merge) focal
endocrine hyperplasias and neoplasias for statistical analysis
for the very reason that the differential diagnosis of
hyperplasia/neoplasia at the microscopic level is so
uncertain.

" The probability of overdiagnosis of pituitary adenomas would be

relatively small, In contrast, to the mainly microscopic

CoOACL 000101
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variants of C-cell adenomas and phaecchromocytomas, pituitary
tumours are very common, often grossly visible, freguently
fatal and undoubtedly neoplasms in the ageing Sprague-Dawley
Tat. Any focal hyperplasias in young animals quickly give way
to gross neoplasms in the ageing animal and a low incidence of
hyperplasias would be expected at the end of a 2 year study.

A further comment that may be relevant to the guestion of
overdiaﬁnosis of endocrine proliferations is to compare the
incidence of endocrine neoplasia diagnosed in the Butadiene
Study control animals with control data from 12 groups
generated in the same laboratory in the same strain of rat a
decade later. The data fit into the middle of current control
~ranges and therefore the retrospective suggestion of
“overdiagnosis in the study appears to be more imagined than
real. '

% tumour incidence in control groups

Butadiene control range

M F M F
Thyroid C-cell adenoma 15 10 2-26 2-22
Thyroid follicular adenoma 3 0 0-10 0-6
Adrenal phaeochromocytoma 19 4 10-44 2-16
Pituitary adenoma 58 77 40-64 66-82
% tumour-bearers 84 97 75-92 86-98

Statistics: OSHA focus purely on perceived negative asbects of
the pathology to support some of their decisions related to the
validity of the study for risk assessment. There are several
positive quality indicators in this report. The excellent
tissue recovery has already been mentioned. The designation of
causes of illness and death, the assignment of fatal context to
tumours for PETQ analysis is clearly an indicator of the
quality of the pathology apbroach even at that time. On an

- anecdotal point, several comments were made that the report
would be a good model for American companies to use in their
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approach to carcinogenicity studies and statistical reports.
This approach to the statistical analysis is only now Just
reaching common practice in the States. It is interesting to
note that OSHA still rely on Fisher's Exact Test for analysis
even though the bias introduced when this test is used in
studies with different survival rates was demonstrated in
publications several years ago. Their analyses have yet to
reach the level of sophistication that was already evident in a
study over 10 years old and their conclusions and criticisms
should be judged accordingly.

<::é;§§14au~§:3QF,J;=~=,

J. R. G1a1ster
Director of Pathology
for Hazleton Uk
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HLE STUDY 522/2 - RAT BUTADIENE STUDY

Dr. Glaister has discussed the major issues raised by OSHA in
considerable detail. I would like to add the following general
comments.

- "failure of randomisation®™ (p32744)

It is unclear what possible interpretation can be put on
this phrase. If the randomisation procedure was followed
to the agreed method, then it cannot be said to have
failed. In this case there has been no indication from the
available data that the agreed procedure was not followed.
It may, of course, be argued that the method was
inappropriate for the purpose, but then the burden is
surely on OSHA to explain how the procedure could lead to
incomparabjlity.

It seems, however that OSHA are arguing that randomisation
"failed" a posteriori from the data. Their purpose seems to
be to establish that there are differences between the
control and low-dose groups in males that are so
substantial that the likelihood of their having arisea
through chance in the randomisation process is negligible,
and thus to retrospectively support an inference that non-
random allocation was used. To do this requires a
scohisticated statistical procedure that takes into account
t..a very great number of parameters that are observed in
the study. Using simple significance tests as OSHA have
done is wholly incorrect for this purpose. One in twenty
parameters can be expected to show differences at the .05
level in a randomised study in the absence of any treatment
effect. Hence. it will nearly always be possible to find
parameters that demonstrates a significant difference at
the .05 1level (in this case “abnormal teeth® and
nephropathy were so identified, although in the former case
the significance testing procedure used to support the
argument was naive and inappropriate). For this reason the
arguments presented using the findings in teeth and
nephropathy should be discounted; in no vay do they suggest
that there was a failure to randomise.

In any case, attempts to demonstrate a failure of
randomisation are doomed to failure when study documents
exist to show unequivocally that randomisation was
performed.

(It should, incidentally, be noted that the variation in
survival between groups was taken into account in the
derivation of the p-values for nephropathy. Using Peto
analysis), the expected numbers of incidences of
nephropathy were 88 and 86, or 89 and 91, in the control
and low dose groups respectively, depending on the
. interpretation of the cases of uncertain context. Hence the
differential survival can be seen to have little effect on
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the expected incidence of this lesion. Thus the adjusted p-
value (OSHA's 0.03) has already taken survival differences
into account, and the comments in the text on p32744 do not
therefore add additional strength to the finding as might
be inferred at a casual reading). :

- "HLE authors concluded there was no difference in
‘nephropathy incidence between control and low dose
nales™ (p32744)

This is not the case. On page Al09 of the report it clearly
states that the low dose group has fewer incidences than
the controls.

- "incomparable groups" (p32744)

In randomised studies, inferences do not rest on any prior
assumption of overall comparability of groups. Where
comparability is required in some respects, the study
design is modified to control this variable. In this study,
comparability in. terms of body weight was required, and
hence a stratified, or blocked, randomisation scheme was
used to ensure this comparability. Hence arguments about
overall comparability should only relate to body weight.

The concerns underlying the inappropriate discussion of
"incomparability" may be summarised as follows.

In any study there will inevitably be emerging group
differences, some larger than others, arising from natural
variability and the randomisation process. It is the
function of the scientist to identify to which extent any
such differences, whether or not they achieve statistical
significance, may be correlated with, and hence partially
account for, the absence or presence of other significant
tindings. In the present study, having established a lower
incidence of nephropathy in group 2 than in controls it is
then valid to ask whether this could be accounted for by
some experimental factor which may, in turn, affect other
findings, or alternatively whether the chance distribution
of slightly fewer animals with a disposition to nephropathy
. may be correlated with the development of other lesions. In
other words the inference issue is not one of the overall
comparability of groups but whether nephropathy is a direct
or indirect factor in, or marker of, the development of
each other lesion analysed. Where this is judged to be the
case, statistical techniques could be applied to assess the
incidence of other lesions after adjusting for the presence
or absence of nephropathy. It is extremely simplistic and
scientifically invalid to declare all other comparisons
void on the basis of natural group differences in one or
two particular parameters.

28/9/90 S John Alexander, Biostatistician
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in carcinogenicity testing (1977-1978) - member.

o National Institute of Environmental Health Sciences (NIEHS),
Extrapolation II meeting (1976).

e Third Veterinary Toxicology Symposium (1976).

© NIEHS Conference on comparative metabolism and toxicity of vinyl .
chloride related compounds (1977) Bethesda, Maryland.

o Inorganic and Nutritional Aspect of Cancer (1977), a conference co-
sponsored by NIH and International Assoc. of Bioinorganic Scientists,
University of California, San Diego.

o] Toxicology Steering Committee, International institute of Synthetic
Rubber Producers (IISRP) (1978-1981).

o Chemical Industry Institute of Toxicology, working on strategies'for
short~-term testing for mutagens/carcinogens (1977) Research Triangle
Park, North Carolina.

o ACS Polymer Conference on Stabilization, Degradation and Flammability
of Polymers (1977) Akron, Ohio.

© Second International symposium on Polynuclear Aromatic Hydrocarbons
(1977) Battelle Columbus Laboratories, Columbus, Ohio.

o Environmental Cancer, a Report to the Public (1977), co-sponsored by
the League of Women Voters of Texas Education Fund and League of Women
Voters of Houston Education Fund in conjunction with Tenneco Chemicals,
the Carcinogenesis Center of M.D. Anderson Hospital and Tumor Institute
and University of Texas Health Science Center, School of Public Health,
Houston, Texas.
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o Testimony, Occupational Safety & Health Administration hearing on the
proposed standard for identification, classification and regulation of
toxic substances posing a potential carcinogenic risk, June, 1978.

o Chemical Industry Institute of Toxicology, second CIIT conference on
toxicology, ‘Scientific considerations in monitoring and evaluating
toxicological research, February 28, March 1-2, 1979.

o National Academy of Sciences, Committee on Water Treatment Chemicals,
Toxicology Subcommittee, member 1981-1983 (Toxicology Consultant).

o IISRP, committees and subcommittees on toxicology and industrial
hygiene 1978-present.

\:) Manuscript Reviewer, Archives of Environmental Contamination &
Toxicology, 1983-1984.

o Manuscript Reviewer, J. Fire Sciences, 1985-1988.

o Testimony before state and local agencies, code groups and judicial
bodies on combustion toxicity of PVC (1982-present).
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Works Assoc. Research Foundation, June, 1982,

o Internationales Kollogrum "Polyurethane in der Medizin-Technik",
Stuttgart, W., Germany, January, 1983.

o Gordon Research Conference on Chemistry and Toxicological Aspects of
Combustion Products, August, 1983.

o Vinyl Institute Medical Committee Chairman and project monitor (1985~
. present). '

o Research Oversight Committee of the International Institute of
. Synthetic Rubber Producers, Role of MuLV in BD Carcinogenicity in the
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o International Symposium on 1,3-Butadiene, April 12-13, 1988,

Participant and manuscript reviewer for publication in Environ. Health
Perspectives.
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Extrapolation Using Diverse Data". Hannover, FRG, February 19-24,
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o] Chemical Industry Institute for Tox1cology - Developmental Committee
member, 1990.
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o National Institute of Environmental Health Post-Doctoral Fellowship,
awarded June, 1975.
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o R. K. Hinderer and R. E. Menzer (1976). Comparative enzyme activities
and cytochrome P-450 levels of some various rat tissues with respect to
their metabolism of several pesticides. istry and

Physiology 6:148-160.

© R. K. Hinderer and R. E. Menzer (1976). Enzyme activities and
cytochrome P-450 levels of some Japanese quail tissues with respect to

their metabolism of several pesticides. Pesticide Biochemistrv and
Physiology 6:161-169.

© H. M. Bolt, J. G. Filser and R. K. Hinderer (1978). Rat liver
microsomal uptake and irreversible protein binding of 1,2-14, vinyl

bromide. JIoxicol. and Applied Pharmacol. 44:481-489.

© R. K. Hinderer (1979). Toxicity studies of methylcyclopentadienyl
manganese tricarbonyl (MMT). Journal of Amer. Ind. Hyvgiene Assoc.
40(2) :164~167.

© R. K. Hinderer (1980). Banbury Report S, ethylene dichloride: a
potential health risk? Summary, Cold Spring Harbor Laboratory,
PP, 343-345.
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toxicity of hydrogen chloride gas to man.
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H. L. Kaplan, A. Anzueto, W. G. Switzer, R. K. Hinderer (1986).
Respiratory effects of hydrogen chloride in the baboon. TIhe
Toxicologist 6(1):52.

A. Anzueto, W. G. Switzer, H. L. Kaplan, R. K. Hinderer (1987). Long-
term effects of hydrogen chloride on.pulmonary function and morphology

in nonhuman primates. The Toxicologist 7(1):192.

A. Anzueto, W. G. Switzer, R. K. Hinderer (1987). Acute respiratory
effects of inhaled polyvinyl chloride (PVC) smoke in nonhuman primates.
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H. L. Kaplan, R. K. HEinderer, A. Anzueto (1987). . Extrapolation of mice
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Testimony of Michael G. Bird

KEY INTERSPECIES DIFFERENCES IN METABOLISM 1,3 BUTADIENE AND CYTOGENICITY AND
THEIR IMPLICATIONS FOR HUMAN RISK ASSESSMENT

1 am a board certified toxicologist with 20 years experience in the
field of petrochemical toxicology. I hold a post-doctoral degree in
Biochemistry and a Ma;ters Degree in Toxicology. In addition, I am a Fellow
of the Royal Society of Chemistry and a Chartered Chemist. As a toxicology
Associate of Exxon Biomedical Sciences, Inc., I have extensive involvement in
company and industry studies of diolefin toxicity. During my study of the
toxicology of 1,3 butadiene and other diolefins over the iast ten years, I
have been a key participant of the Environmental Health and Butadiene
Committees of the International Institute of Synthetic Rubber Producers, and
I am currently Chairman of the Chemical Manufacturers Association’s Butadiene
Toxicology Research Task Group. In 1988, in conjunction with Dr. Melnick,
National Toxicology Program, I was co-organizer of the International
Symposium on Toxicology, Carcinogenesis, and Human Health Aspects of 1,3

Butadiene.
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1. Introduction

In this testimony, [ will address the pharmacokinetic and
mechanistic bases which support the different biological responses seen
between species exposed to 1,3 butadiene. Specifically, I will show
that separate approaches -- consideration of species differences in
butadiene uptake and metabolism, cytogenicity, and bone marrow
response, and siructure-activity information on other chemicals, all
lead independently to one conclusion: that the rodent and particulariy
the mouse, is a poor predictor of butadiene effects in man. This is
based on the following observations developed from a comprehensive .
review of relevant scientific studies: 1) There are major quantitative
différences in the uptake and metabolism of butadiene in the mouse,

rat, primate, and man that explain greater sensitivity of the mouse and

rat to butadiene carcinogenicity. Compared to rat or primate, the
mouse retains more inhaled butadiene, metabolizes this more rapidly to
toxic epoxide metabolites and is Tess able to eliminate these
metabolites becaﬁse of saturation. At comparable exposures (10 ppm)
the epoxide blood level is 590 fold higher in the mouse than the
primate, and 40 fold higher in the mouse than the rat. In vitro
studies of butadiene metabolism suggest that man is more like the
primate than the rat or mouse; 2) Cytogenetic and bone marrow changes
in the mouse exposed to butadiene have not been seen in the rat or
primate; 3) The presence of an enddgenous retrovirus in the B,C;F, mouse
confounds the qualitative evaluation of the murine leukemia response to
butadiene exposure; 4) Reactive epoxides which are formed particularly

readily in the mouse metabolism are direct acting mutagens and have

carcinogenic activity. Butadiene itself, unmetabolized, does not have
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mutagenic activity. The diepoxide metabolite of butadiene is known to
cause an increased incidence in lung tumors in mice. Species
differences in the formation and elimination of this metabolite make
this lung response unlikely to occur in man; §) Structure activity
;omparison supports the contention that the metabolites rather than the
parent compound are toxic and carcinogenic and that there are major
species differences in tﬁe formation and the biological consequences of
these metabolites.

1 also offer additional comments on OSHA’s discussion in its
rulemaking notice pertaining to bone marrow toxicity, metabd]ism, _
structure acfivity and genotoxicity. Specifically for Bone marrow
toxicity, I include new animal data énd_dispute OSHA’s interpretation
of human data. Fof metabolism, I have provided more recent metabolism
data which'significantly impact previous assumptions concerning the
absorption of butadiene at low concentrations. Structure activity
requires the recognitibn that the butadiene diepoxide causes Tung
tumors in mice. By reference to our knowledge of butadiene dimer,
quantitative differences in formation and detoxification of reactive
mgtabolites can account for significant species differences in
biological response.

In conclusion, the projections of cancer mortality based on the

rodent test results vastly overpredict the observed worker mortality;

this poor predictivity of the rodent (particularly the mouse) can be
attributed to the interspecies differences in uptake, metabolism and
excretion, and in retroviral mediation.

Comparative Pharmacokinetics, Metabolism, and Cytogenetic Response

Before interacting with genefic material, butadiene must be
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converted to oxygenated metabolites which themselves are carcinogenic
and can induce mutations in bacteria. In view of this indirect
mutageni¢ action, any cross-species difference in metabolism and
cytogenetic response will have an important bearing on butadiene’s
carcinogenicity. In this section, the uptake and metabolism of
retained butadiene are reviewed; pronounced interspecies differences
are reflected in the blood levels of the toxic epoxide metabolites of
BD. This species difference is further evident in the absence of bone
marrow response seen in rat and primate compared to mouse which is
discusséd subsequently. Finally, interaction of BD with the endogenous
murine retrovirus (MuLV) present in the B,C;F, mouse identifies that the
retrovirus is a confounding factor in this mouse strain and that it is
presently impossiblg to determine the respective contribution of

chemical exposure or retrovirus in the mouse leukemogenic response.

A. Uptake of Butadiene

Studies conducted under the National Toxicology Program show
major species differences in the uptake, metabolism, and excretion
of BD (ﬁe1nick et al. 1990). Bond et al. (1986) in studies of
inh;led BD, used the same rodent strains as in the rodent cancer
biocassays of BD, namely the B,C;F, mouse and the Sprague Dawley
rat. Using six hour exposures to ['°C] BD, they exposed mice and
rats to a range of concentrations, under dynamic flow-through
conditions, 0.14 to 1800 ug/1 (0.08 to 1040 ppm BD) for mice and
0.14 to 13000 ug/1 (0.08 to 7100 ppm BD) for rats. They found
that mice retained 4-7 times more of the inhaled butadiene per

unit body weight than did rats; this is based on the amount

Ly & F
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retained at the end of the six hour exposure and does not account
for BD or metabolites that were absorbed and exhaled during
exposure. For both species, the uptake (% of inhaled BD retained}
decreased with increasing BD exposure concentration. ‘This uptake
ranged from 1.5% at the 7100ppm exposure to 17% at the lok
concentration.

In subsequent studies, this team (Sun et al., 1989, Dahl, et
al. 1990) published data that enable the retained doses of BD in
rodents and pripates to be compared. In this study, three maie
primates (Macaca fascicularis) were exposed by nose-only
inhalation for 2 hours to concentrations ranging from 10-8000 ppm
['“C] butadiene. When normalized to body weight, the data from
Bond, et al. (1986) show that the rate of uptake of butadiene at
approximately 10 ppm ["C] BD in mice was substantially greater
than for rats or monkeys. When normalized to body weight for each
species and expressed on a g mole per hour per 10 ppm basis, the
measured retention rates were determined to be 3.30, 0.46, and
0.52 u mole/kg BD for the mouse, rat, and monkey respectively.
Thus, for equivalent BD exposures, 'thé, rat and primate
respectively receive 7.2 and 6.3-fold Tower doses of BD than the
mouse. Further, when some fifteen different tissues were
analyzed, the mouse tissues contained 15 to 100 times higher
concentrations of BD-introduced [**C] per s mole of inhaled BO than
did the rat tissues under conditions known to result in retention
of similar amounts of BD and its metabolites; the primates were
not sacrificed so that comparable data are not available at this

time.
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For both the mouse and the rat, urine and exhaled air are the
major routes of excretion of ['“C] BD, approximately 75-85% is thus
eliminated. In mice, for the concentrations examined (14-1400
ppm) by Bond et al. (1986), elimination in urine and expired air
was increased with increasing BD exposure concentration.
Elimination was dose-dependent in the rat. The rat also
eliminated-a smaller percent of the absorbed ['“C] via the urine

than the mouse. For monkeys, Dahl et ai. (1990) showed that
| elimination following exposure to 10 ppm BD was mostly by

exhalation of carbon dioxide (51%) and urine (33%).

Metabolism and Elimination of Retained Butadiene

In vitro metabelism studies by Malvoisin between 1879-82 show

that BD is first metabolized in the rodent by the cytochrome P450
monooxygenase system (present in the liver, lung, and also other
organs to various extents) to the toxic metabolite 1,2 epoxy 3-
butene (see Figure 1).. This metabolite can be subsequently
oxidized by the same system to the toxic diepoxybutane (which can
then be detoxified by oxidation to 3,4-epoxy-1,2-butanediol) or,
the 1,2 epoxy 3-butene itself can be reduced by epoxide hydrolase
activity to the less toxic 3-butene 1,2 diol. The epoxides are
also detoxified by conjugation with glutathione through the action
of glutathione-S-transferases (Malvoisin and Roberfroid 1982;
Bolt, et al. 1983).

Bolt et al. (1984) and Kreiling (1986) have confirmed this
metabolism in vive. Bond, et ai. (1986) in studies of rodents

exposed to ['“C] BD (130-1,800 ug/1), have gone on to show that 1,2
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epoxy 3-butene js present at least 2 times greater concentrations
in the blood of the mouse than in the rat. This differenﬁe is
attributed to the metabolic difference between mouse and rat in
the formation and elimination of this metabolite. The elimination
of BD has been investigated using a closed-chamber method. In
this method a fixed amount of BD is placed in the exposure
chamber, and the concentration is monitored over time, and any
decline is an indication of the uptake and metabolism by the test
animal. Up to concentrations of about 1,000 ppm BD, metabo1ic
elimination of BQ is proportioné1 to the exposure concentration in
mice and rats. Aboﬁe 1000 ppm, saturation kinetics of BOD
metabolism occurs. However, under conditions of both low and high
exposure concentrations, the metabolic elimination rate of
butadiene in mice is about twice that in rats; caTcu]ated maximal
metabolic elimination rates are 400 p mol. hr’' kg™' for mice and
220 s mol. hr'' kg™’ for rats (Kreiling 1986). |

_ In addition to the higher production rate of 1,2 epoxy 3-
putene, differences also exist inJ the metabolism of this
monoepoxide. When Sprague Dawley rats or B,C;F; mice were exposed
tb 100-500 ppm of 1,2 epoxy 3-butene at up to 500 ppm exposure,
the epoxybutene is metabolized in the mouse liver at twice the
rate than that of the rat; 24,900 ml hr' kg'' for the mouse
compared to 13,400 ml hr' kg' for the rat. At increasing
concentrations above 500 ppm, the metabolic capacity'in the mouse
becomes rate limiting resulting in accumulation of the monoepoxide
and is reflected by the observed higher levels of the monoepoxide

in the blood and expired air of the mouse. In contrast,
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epoxybutene metabolism in the rat is linearly dependent on the
 atmospheric concentration of BD up to exposure concentrations of
about 5,000'ppm (Krei]ing.et al., 1987). Thus, as fhe atmospheric
concentration of butadiene increases, the metabolism of 1,2-epoxy
3-butene becomes rate limited in mice providing for a reduced
elimination of this epoxide in this species compared to the rat.

In vivo data are now available in the primate for comparison

with the mouse. These data show that while qualitatively the
primate may follow the same pathway as in the mouse, quantitative
metabolism is much different. In the studies by Sun, et al. 1989
and Dahl, et al. (1990) referred to earlier (see Uptake), male
_primates were exposed by nose-only inhalation for 2 hours to 10
pﬁm BD and were found to have 0.13 p mol/m1/ppm 1,2-epoky-3-butene
in the blood. In contrast the level (77 p mol/mL/ppm) of 1,2-
epoxy-3-bufene found in the blood of mice inhaling 7.8 ppm BD is
590 times higher. After exposures to greater than 130 ppm [VC]
BD, mice and monkeys ﬁad roughly comparable levels. For rats,
Dahl et al. (1990) showed that blood levels of 1,2-epoxy 3-butene
are some 40-fold higher in the blood of rats exposed to 78 ppm BD
than 1ﬁ the blood of monkeys exposed to 10 ppm BD.

Schmidt and Loeser (1985) have also conducted important
research which provides a comparison of the human, primate, and-
rodent response to BD. BD was incubated with liver and lung in
vitro preparations from mice (two stréins), rats (two strains),
monkey, and human (one surgical sample). The formation of 1,2
epoxy 3-butene in the liver of these species was as follows:

mouse > rat > human > monkey. The ratio between mouse and monkey
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was about 7:1. The mouse lung tissue produced levels of 1,2 epoxy
3-butene equivaient to that of the mouse liver, however, monkey
and human lung did not produce any‘measurable 1,2-epoxy 3-butene.
This is in agreement with the very low ethoxycoumarin diethylase
activity (a marker for mono oxygenase activity) in monkey and
human lung tissue, and supports the concept that in the whole body
response, ~the different 1levels of monooxygenase, epoxide
hydroiase, and glutathione-s transferase between species are key
to the biocavailability of the reactive epoxides.

Although not developed specifically with either BD or its
metabolites as substrates, the relative ratios of these specific
enzymes in the mouse, rat, and human subcellular preparations of
liver and lung have been calculated from Lorenz et al., 1984 and
are shown in Table 1. It will be seen that the higher levels of
monooxygenase in the mouse liver and lung support the greater
formation of the butadiene monoepoxide in this species by this
pathway, esbecial1y in the lung; likewise, the relatively poor
activity of epoxide hydrolase in the mouse would allow for only a
slow removal of the epoxide by this pathway.Further in vitro
metabolism studies of butadiene and the epoxides in mouse and
human tissues are being conducted for the Chemical Manufacturers
Association by the Inhalation Toxicology Research Institute

(Albuquerque, New Mexico).
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TABLE I

RATIOS (RELATIVE TO HUMAN) OF SPECIFIC
ENZYME ACTIVITIES IN
SUBCELLULAR PREPARATIONS OF RODENT AND HUMAN LIVER AND LUNG

GLUTATHIONE-S

MONOOXYGENASE EPOXIDE-HYDROLASE TRANSFERASE
LIVER LUNG LIVER LUNG LIVER  LUNG
MOUSE s 1220 0.2 0.7 3.2 9.3
RAT 2 185 1 0.7 0.8 1
MAN 1 1 1 1 1 1

CALCULATED FROM LORENZ, ET AL. (1984)

Species differences in detoxification also exist. 1,2 epoxy
3-butene is detoxified by conjugation wiih glutathione and can be
‘metabolized by glutathione-s-fransferase (Malvoisin  and
Roberfroid, 1982, Bolt 1983). Laib, et al. (1990) determined the
effects of BD exposure on liver nonprotein sulfhydryls (NPSH), and
the alkylation of DNA and nuc]e;r proteins (Kreiling, et al. 1986,
1988; Deutschmann and Laib 1989). A species difference was noted
in the amount of nuclear proteiﬁs and DNA a1ky1ated after
iﬁha1ationrexposure to butadiene kKreiling, et al. 1987, Kreiling,
et al. 1988). Exposure of mice to >2,000 ppm BD resulted in a
decrease in hepatic NPSH content to about 20% of the corresponding
control after 7 hours and to 4% after 15 hours when signs of acute
toxicity were observéd; yet exposure to rats resulted in a
depletion of NPSH to 65 and 80% of control (for Wistar and Sprague
Dawley rat respectively) after 7 hours and no change after 15
hours. In a further study by Deutschmann and Laib (1989), the

depletion of NPSH content in the liver, lung and heart was also
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investigated in B,CsF, mice and Sprague-Dawley rats exposed to 0,
10, 50, 100, 250, 500, 1000 and 2000 ppm BD for 7 hours. In rats,
the minor reductioﬁ of T1iver NPSH content (about 20%) was still
observed at exposure concentrations of about 250 ppm. There was
also a minor reduction in lung NPSH content in rats between 1000
and 2000 ppm BD; NPSH content in the heaft was not affected. Iﬁ
mice, reduction of 1liver NPSH content started at exposure
concentratfons between 100 and 250 ppm; at 2000 ppm BD, the
reduction of 80% was confirmed. Hence, in the mouse, reserves of

NPSH are drastically depleted in the liver {50-70%) and lung (70-

90%) and heart (25-40%). The rat by contrast shows only some'

decline and maintains this detoxificatidn pathway throughout BD
exposure.

The difference between mice and rats of NPSH depletion by BD
in liver or lung tissue can be explained by differences in the
rate of formation and detoxification of epoxide intermediates in
the organs of these species. In contrast, cardiac tissue does not
significantly contribute to xenobiotic metabolism. NPSH depietion
in heart tissue of the mouse can be regarded as an indicator for
systemically available epoxide intermediates reaching the heart
with the efferent blood flow from lung and liver. Although NPSH
depletion in heart tissue is only observed from upwards of 500 ppm
butadiene, it is expected that endothelial cells of heart ?issues
will be influenced at lower exposure concentrations, when reactive
BD metabolites are provided via the blood circulation. The fact
that the heart is passed by the efferent blood flows of two BD

metabolizing organs may explain its special susceptibility as a
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target organ in BD carcinogenesis.

The above indication that the 1,2-epoxy 3-butene and the
diepoxybutene remain longer in the blood of the mice, and the
findings of Gervasi, et al. (1985) that the biological half-lives
(determined in vitre in Tris buffer; pH 7.4) of the mono- and
diepoxide are 14 and ‘100 hours respectively, indicate that
circulating levels of these epoxides should be able to infiltrate
target tissues and react with target macromolecules. Thus, it is
thgse epoxide metabolites rather than BD itself which are critical
in the biological response. The DNA and nucleoprotein binding of
reactive BD metabolites (see cytogenicity) supports this
contention. |

Studies have been conducfed to investigate whether repeated
exposure to BD could induce BD metabolism. Using exposures of
7600 or 750 ppm, six hours/day for five days, no induction of BD
metabolism was found in the liver or lung of mice or rats (Bond et
al. 1988).

In summary, it is clear that theré are species differences in
thé‘uptake of BD and in the formation and elimination of its toxic
epoxide metabolites. Such differences result in blood monoepoxide
levels at least 2 times higher in the mouse than the rat, and 590
times higher than in the primate, following comparable eprsures
to BD (~10 ppm). _

Thus, although the metabolism of BD may be qualitatively
similar across species, at occupational exposures- or even at
exposures 10 fold greater, quantitative differences exiﬁt which

can account for the greater sensitivity of the mouse to BD
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carcinogenic activity. In addition, differences in cytogenetic

and bone marrow response to BD between species, and the
contribution of the MULV retrovirus in the B,C,F, mouse, discussed
below are also likely contributing factors to the very different

carcinogenic response seen between mouse and rat and man.

C. Cytogenetic Activity/Bone Marrow Response

Butadiene is mutagenic in Salmonella typhimurium bacterial
strain TA 1530 but only in the presence of a metabolic activating
system (De Meester et al., 1980, Poncelet et al., 1980). Hence,
BD per se is not a direct acting mutagen. Thus, cross-species
differences in metaboiism will have an important bearing not only
on BD’'s carcinogenic activity but also its mutagenic potential.

Both the 1,2-epoxy 3-butene and the diepoxybutane metabolites

are bacterial mutagens and do not require the presence of enzymes
in the metabolic activation system for this response. Epoxybutene
is mutagenic in Escherichia coli (Hemminki 1980, Voogd, et al.
1981) and the diepoxide produces point mutations in Salmonella
strains as well as eukaryotic organisms. Exposure of mice to the
epoxybutene by intraperitoneal injection produced a dose-related
increase in sister chromatid exchanges in bone marrow cells and in
the percentage of cells with chromosomal aberrations (Sharigf, et
al. 1986).

The diepoxide also causes chromosome changes (Dean and
Hodson-Walker 1979) in rat 1liver cells and induces sister

chromatid exchanges in hamster ovary cells (Perry and Evans 1975).

Both epoxides per se have been shown to covalently interact with

060128




- 14 -
DNA (Brookes and Lawley 1961, Lawiey and Brookes 1967, Hemminki,
et al., 1980, Kreiling 1986). The formation in DNA of 7-(2-
hydroxy-3-butén-1-y1) guanine and of 7-(1-hydroxy-3-buten-2-y1)
guanine has been demonstrated after chemical reaction of
epoxybutene with DNA in vitro (Citti et al., 1984). Further,
studies by Jelitto, et al. (1989) showed that exposure of male
rats and mice to BD in a closed system resulted in the formation
of these same DNA adducts in mouse but not rat liver. Exposure of
rats and mice_for 2 hours to 0, 500, or 1000 ppm BD resulted in
the occurrence of protein-DNA and DNA-DNA cross-links from mouse,
but not rat liver. Such studies indicate that 1,2-epoxy 3-butene
and the diepoxide (all of its isomeric forms) are active genotoxic
_ metabolites of BD. ~The species difference in DNA and protein
binding is probably a consequence of quantitative differences in
metabolism acfoss species. There is aIso evidence for
carcinogenicity of at 1east.the diepoxide in mice since the D, 4,
and meso -isomefic forms of the diepoxide caused benign and
malignant skin tumors in mice following dermal exposure (Van
Duuren, et al., 1963 and 1965). |

There is also in yivo evidence'der{ved from BD_exposure.
Tice, et al. (1987) exposed male mice to 6.25, 62.5, and 625 ppm
BD for ten exposure days. Five endpoints were eyaluated: average
generation time (AGT), mitotic index (MI), chromosomal aberrations
(CA), sister chromosome exchange (SCE), andrmicronuclei (MN). BD
exposure induced a dose dependent response in all these endpoints.
" In the 6.25 ppm group, the frequency of sister chromatid exchanges

in bone marrow cells was significantly elevated and in the 62.5
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ppm group the frequency of MN-polychromatic erythrocytes in the

peripheral blood was significantly increased. Cytotoxicity was
shown by the extended AGT in the 62.5 ppm group, and by the
reduced M1 in the 625 ppm group. This dose related response in
these multiple cytogenetic endpoints indicates a strong genotoxic
and cytotoxic action in the mouse. ‘
Cunningham, et al. (1986) evaluated these responses across
| species by conducting a two day, six hour/day BD exposure of mice
and rats and examining the bone marrow cells for the induction of
micronuclei and sister chromatid exchanges. Significant dose
dependent increas;s in micronuciei induction and frequency of SCE
werz observed in mice at exposures of 100 ppu and greater. The
highest tested no observed effect Tevel for both endpoints was 50

ppr. BD in air. ]In contrast., rat bone row cells did n h

jficant in__micronucieat ol chrd t
erythrocytes nor in the frequency of SCE. This lack of response
from this two day exposure to BD is consistent with the Tack of
changes in the bone marrow of rats exposed in the two year cancer
bioassay which involved BD exposure as high as 8,000 ppa.

Exxon has conducted micronucleus assays on simultaneous
exposures of mice and hamsters to 0 or 1000 ppm 8D for 6 hours/day
for 2 consecutive days (Exxon 1990). BD produced an 11.2-fold
increase in micronuclei formation in the B,C,F, mouse and only 2
1.4-fold increase in the number of micronuclei in the Syrian
hamster exposed under the same conditions. In primate studies by
Sun, et al. (1988), monkeys were exposed to 10, 300, and 8000 ppm

BD in air for two hours. At no exposure level was micronuclei
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induction found to occur nor was there an increase in frequency of
SCE. Thus, the mouse is cleafiy sensitive to BD induced bone
marrow toxicity in contrast to the lack of response of other
species. |

The above cytogenetic changes in the mouse are in agreement
with the find1ngs (Liederman et al., 1985, Irons et al., 1986)
that BD affects pone marrow stem cell development and induces
macrocyt1c mega1ob}astic anemia in the mouse. Irons et al. (1986)
exposed the BC;F, mouse and the NIH Swiss mouse to 1250 ppm BD for
six weeks. This resulted in a decrease in circulating
erythrocytes, in total hemogTob1n and hemocrit, and an increase in
mean corpuscular volume and an 1ncrease 1n circulat1ng micronucietf
in both strains of mice. No such hematologic changes were seen inm
the primate (two hour exposure) and in the rat (2 year exposure).
This suggests that the primate and rat do not share the genotoxic
response of the mouse to 8D.

The above studies indicate that the bone marrow is a target
organ of BD exposure for the mouse. In addition, the incidence of
malignant lymphomas of thymic origin in the 8,C;F, mouse cancer
bioassay of BD provides additional evidence of bone ®marrow
involvement. The bone marrow is known to have an essential role
in radiation induced murine T cell leukemia/lymphomas and also
accompanies many instances of chemically induced T cell 1ymphoma.

Butadiene interferes with bone marrow differentiation and/nf
DNA synthesis in replicating mouse bone marrow cells. Leiderman
et al. (1986) studied the effect of 8D on the prolifcrat1on and

differentiation of hematopoietic siem cells and found that while

060131



11-88. 1990 12:33 FROM EXXON BIOMEDIZAL TC 312026372201 P13

- 17 -

BD exposure (1250 ppm BD for six weeks). resulted in no alterations

of the frequency of spleen colony forming units (CFU-S) the
colonies derived from treated animals were smaller. That this may
be due to an alteration in the proportion of immature to mature
pluripotent stem cells available fdllouing BD exposure was
confirmed from long term bone marrow culture studies in which a
shift in‘ the course of differentiation of  the
granulocyte/macrophage precursor cell was found from changes in
the number of the granulocytic/macrophage colony forming units
(CFU-GM) in BD exposed animals compared to controls. Longer term
exposure {30-31 weeks) caused a decrease in CFU-S and CFU-GM. The
above observations indicate that BD causes alteration in stem cell

development in the mouse. Since depletion of the bone marrow stem

cell population is often a precursor of radiation or chemical
induced thymic neoplasms {Kaplan 1967, 1977; Seidel et al., 1983)
the BD induced stem cell depletion may play an essential role in
BD induced 1ymphoma in the mouse.

Data by Irons (1986a) show a significant increase in the
proportion of bone marrow cells in the S cell cycle phase in BD
exposed mice, although there was no significant change in the
total number of ceélls. The lengthening of the average generation
time and depression of nitoti-c index, described in previous
reference to the studies by Tice (1987), indicate that the effect
of BD is 'to extend the S phase. Tice (1937) notes that the
jnduction of SCE and the chromosowe changes (chromatid type breaks
and exchanges) are consistent with tl';e induction of DNA damage by
an S phase dependent clastogen. Hence, the mechamistic data .

support the observed cytogenetic response in the mouse and in turn
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may have bearing on the lymphoma/leukemia response in the mouse;
no such cytogenetic or bone marrow cﬁanges have been observed in

the rat or primate and are only marginally present in the hamster.

The Role of the MULV Retrovirus in Butadiene Inducedf

Leukemogenesis

The initial and subsequent understanding of the extensive

influence of a retrovirus in the BD induced murine lymphoma is due
to the studies of Irons, et al. under the auspices of the Chemical
Industry Institute of Toxicology. Most mﬁrine Tymphomas/leukemias
are now known to result from the transformation of a single cell
by a mechanism invelving a_recombinant retrovirus. In general,
the best characterized viral leukemia model has been radiation
leukemogenesis in certain strains of mouse including C,,BL and C;H,
the parental strains of the B,C,F, mouse. Irons, et al. (1987)
found that chronic exposure to BD (1250 ppm) six hour/day, five

days/week for three to 21 weeks markedly increased the quantity of

. the ecotropic (capable of infecting mouse cells) MULV retrovirus

recoverable from the bone marrow, thymus and spleen of the B,C4F,
mouse.  Expression of other endogenous retroviruses was not
enhanced. Agé-matched controls not exposed to BD either yielded
no ecotropic virus or very small numbers of vifus-producing cells.

Irons, et al. (1987) also examined the viral trophism to gain
a mechanistic understanding. Isolates from expesed and control
mice showed no change in FV-1 restriction. ‘This gene governs
infection and spread of murine leukemia viruses (Tennant, et al.,

1974, 1976). Irons, et al. (1987) also determined that the viral

-
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isclates were N-tropic and were not altered to be outside of the
FV-1 gene range of control. Because the changes in FV-1 tropism
of the replicating viruses or changes in FV-1 restriction are not
found, their conclusion was that the mechanism of this increase in
ecotrophic retrovirus in the B,C;F, mouse is due to de novo
activation in greater numbers of ceils.

Irons,;, et al. (1989} subsequently conducted a comparative
study in the B,C;F, hybrid mouse and the NIH Swiss mouse. The
latter strain only rarely expresses any type of endogenous
retrovirus (Jenkins, et al., 1982; Chattapadhyay 1980). B,C,F,
mice and NIH Swiss mice were chronically exposed to 1250 ppm BD
six hours/day, five days/week for one year. The incidence of
thymic lymphomas in the B/CsF, mouse was 57% at the end of one
year. These Tymphomas were all of T cell origin and exhibited
elevated expression of the endogenous ecotropic retrovirus
(eMULV). Leukemogenesis was preceded by anemia, bone marrow
cytogenetic abnormalities and an increase in the amount of eMULV
recoverable from the bone marrow, thymus and spleen. In contrast,
NIH Swiss mice similarly exposed to 1250 ppm BD resulted in a 14%
incidence of thymic 1ymphoma, with no increase in eMULV. However,
the same hematologic and_cytogenetic abnormalities observed with
the B,C;F, mouse also occurred with the NIH Swiss mouse indicating
that it is the eMULV background that influences the susceptibility
to BD induced leukemogenesis in the mouse.

The above comparative data also indicate that the presence of
the ecotropic retrovirus is not an absolute requirement for thymic

lymphoma development following BD exposure, since some increased
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incidehce of TL was also observed in the NIH Swiss mouse.

However, the retrovirus could well account for the marked

difference in the thyﬁic jymphoma incidence between these strains

and possibly between species. In addition, the bone marrow damage

- also appearsrto.be a requisite for the enhanced murine leukemia.

Implications for Human Risk Assessment
In using animal data for assessing human cancer risk from chemical
exposure, only relevant information should be utilized. This

information hay include pharmacokinetic, metabolism and genotoxicity

studies. Species differences should also be taken into account, as.

well as. the carcinogenic mechanism of action, i.e. genotoxic or
nongenotoxic action. 8D is a represenfative of a genotoxit carcinogen.
Metabolic activation is requived to convert BD to electrophilic
metabolites, the mono- and di-epoxides, which then react with
nucleophilic target sites such as DNA, This reaction can initiate
genetic damage which appears to play a role in the carcinogenic
process. It is important to take all this information, i.e. effective
dose, species differences, into account in order to provide a proper
assessment of human cancer risk.

As have been documented in Section II, there are several
differences be}ueen mouse, rat, man, and primate in the metabolism and
pharmacokinetics of 8D which would result in marked differen;es in

genotoxicity and cancer. These differences are:

1.. Mice retain a larger dose of inhaled BD when adjusted for body

weight and exposure time than rats or primate (at 10 ppm this
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difference is 7 fold for rats and 6 fold for monkeys).

2. Mice metabolize BD to the epoxide at about twice the rate as rats.

3. Elimination of the epoxide 1,2-epoxy-3-butene is saturable in mice
but not in rats.

4. Mice attain a higher concentration of epoxide metabolites in the
biood than rats or primates when exposed at similar
concentrations. Given comparable exposure concentrations of BD at
-10 ppm, the epoxide level in the blood of primate is 590 foid
lTower than in the mouse.

5. Thé reactive epoxides which are formed are direct acting mutagens
and have carcinogenic activity. BD itself, unmetabolized, does
not have mutagenic activity.

6. Cytogenetic and bone marrow changes have been found in the mouse
exposed to BD and possibly a marginal response in the hamster but
at very high BD exposures. No such effects have been seen in the
rat or primate.

7. The preseﬁce of an endogenous retrovirus in the mouse is a
critical ﬁart of a multifactorial process of BD induced leukemia

in this species. It is not possible to determine the contribution

of the retrovirus in BD induced leukemia in the B,C.F, mouse, but

it is a significant and confounding factor.

The above findings clearly demonstrate that the mouse will attain
a2 significantly higher amount of the epoxides over a longer period of
time than the rat (greater than 40 fold) or primate (590 fold) when

exposed to butadiene. Resuits of both in vivo and in vitro studies

have implicated 1,2-epoxy-3-butene and di-epoxybutene, the epoxide
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metabolites of BD, as causing the genotoxic and carcinogenic effects of
BD exposure. The internal doses of the toxic epoxides are related to
the rate of formation and the rate of.disappearance by elimination
pathways as well as the amount of uptake of BD, but it 1is the
concentrations of these reactive metabolites which will largely dictate
the biological responses seen in the species tested and which can
account in large part for the demonstrated sensitivity of the BD
exposed mouse in terms of tumor formation and bone marrow toxicity.
Based on the foregoing, there are a number of significant
imp]icétions for the human risk assessment of BD.
1. There are major gquantitative differences in the uptake ind
metabolism of BD in the mouse, rat, primate, and man. These
diffefences help explain the greater sensitivity of the mouse to

BD carcinogenic activity.

2. In any quantitative assessment of the human cancer risk, one

should attempt to account for species differences in uptake and
metabolism by using the internal dose of epoxybutene as the
measure of dose. One should not assume humans receive equal
internal doses of BD or epoxybutene from equal concentrations of
 BD in air. In fact, primates have lower internal concentrations
of BD (by a factqr of about 6) and epoxybutene (by a factor of
590) than mice from the same administered concentrations of BD
(~10 ppm), due in part to differences in the rates of enzyme
mediated metabolic processes. Results from studies of BD
metabolism in the lung and liver microsomes have shown that the
man is more similar to the primate with respect to 1,2-epoxy-3-

butene formation than the rat or mouse.

000137



- 23 -

3. If the available data on pharmacokinetics and metabolism are not
used in the quantitative risk assessment, then the best estimate
of human cancer risk should be based on the rat cancer bioassay
data, not the mouse cancer bioassay. Based on metabolism studies
in different species, the rat is a poor model for man, but is
closer to man (and primate) than the mouse. The available
evidence suggest the mouse may be uniquely sensitive to BD because
of greater uptake, faster metabolism, and saturation of
detoxification mechanism. This sensitivity is also seen with the
cytegenetic and bone marrow responses seen in the mouse but not in
other species.

4. The presence of the endogenous retrovirus in the B,C,F, mouse
confounds the quantitative evaluation of the lymphoma/leukemia
response in this strain to BD exposure. If the mouse cancer
bioassay data are used for quantitative risk assessment, then the
incidence of lymphomas should be exciuded. The presence of the
virus and the unique sensitivity of the mouse bone marrow cast
doubt on the relevance of this tumor response for human risk
assessment. The absence of an increased incidence of lymphoma at
the lower exposure concentration in the NTP 2nd cancer bioassay
also cast doubt on the relevance of the mouse lymphomas for lTow

dose risk assessments.

In view of the above, the mouse may be uniquely sensitive to 8D as
compared to other animal species (rodent and nonrodent) because of
pharmacokinetic and metabolic differences (which provide an

accumulation of significantly higher 1levels of the epoxide
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intermediates) and the presence of the murine retrovirus. Thus any

carcinogenic risk assessment based on mouse data will overstate the
human cancer risk. If the mouse is to be used for quantitative risk
assessment, fhen this species difference in uptake and metabolism, with
respect to the epoxide metabolites, should be taken into account.
Further, due to the confounding factor of the retrovirus, the 1ymphomé
incidence should be excluded from human risk assessment. Regardless of
the species used for quantitative risk assessment, the analysis should
belbased on the internal epoxide concentrations, since it is these
metabolites that are implicated in causing the cytogenetic and

carcinogenic effects of BD in the rodent.

IV. Additional Comments on OSHA’s Discussion of Bone Marrow Toxicity,
) Metabolism. Structure Activity and Genotoxicity

This Section is intended to provide a complete crique of OSHA’s
material on these aspects and as such includes‘discussion of some
important material already covered in previous sections.

A. Bone Marrow Toxicity
OSHA’s discussion of the animal data is incomplete, in that
rat, himster, and primate dat# are omitted. OSHA’s discussion of
the human data is seriously flawed; the study by Checkoway and

Williams (1982) does not demonstrate an effect of BD on bone

marrow in the 8 workers examined. There is no basis for

concluding that the bone marrou.is a target of BD toxicity in
humans. The available data on bone marrow toxicity, considered as

a whole, provide further support for our belief that the mouse is

;) uniquely sensitive and not a good model for human risk assessment.
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1. Animal Data .

The OSHA data are incomplete. The following studies are

pertinent:
a. Rodent
Cunningham, et al. (1986) exposed male B,(;F, mice
and Sprague Dawley rats by nose-only inhalation from. 0O-
10,000 ppm 6 hours/day for 2 days, and evaluated their
bone marrow cells for induction of micronuclei and sister
chromatid exchanges. Starting at 100 ppm, a significant
increase in the frequency of micronucleated polychromatic
erythrocytes and of sister chromatid exchanges was found
in mouse bone marrow cells with a no observed effect

level of 50 ppm 1in each case. In contrast, no

significant increases in micronucleated polychromatic
erythrocytes or sister chromatid exchanges were found in
the boﬁe marrow celis of the rat.

Arce, et al. (1990) treated human whole blood
1ymphocytes with BD in the absence and presence of mouse,
rat, and human S9 metabolic systems. No induction of
sister chromatid exchanges were observed with either
system at 25-100% BD in nitrogen.

Shelby (1990) extended the observations of
cytotoxicity and cytogenetic effects of BD in bone marrow
cells of B,C;F, mice exposed to 6.25-625 ppm BD 6
hours/day after 10 exposure days (Tice, et al. 1987} by
evaluating these activities in the peripheral blood of

mice exposed to the same concentrations of BD 6 .
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hours/day, 5 days/week for 13 weeks. In the 10 day
study, BD induced statistically significant increases in
sister chromatid exchanges at 6.25 ppm, micronucleated
polychromatic erythrocytes at 625 ppm, and the percentage
of cells with chromosomal aberrations and micronuclieated
-normochromatic erythfocytes at 625 ppm. In the second
study using blood from BD exposed mice, the previous
finding’s were confirmed except that the frequency of
micronucleated normochromatic erythrocytes was increased
at 62.5 ppm and higher .concehtrations; this was
attributed to the increased statistical power of the
peripheral blood micronucleus assessment where 10,000
erythrocytes were scored per animal rather than 1,000
cells in the case-of the bone marrow samples.

A comparative stddy of the bone marrow response to
8D exposed mice and hamsters has been completed (Exxon
1990). Mice and hamsters were simultaneously exposed to
a ﬁoncentration of 1,000 ppm BD in air_for six hours on
each of two conSecutive days; this concentration is known
to produce hematotoxicity and micronuclei in mice but the
genotoxicity of BD in the hamster had not been previously
evaluated. As expected, BD produced substantial
hematotoxicity and an 11.2 fold increase in micronuciei
formation (p < 0.01) in the B,C;F, mouse. By comparison,
no statistically significant hematotoxicity {only a small
downward trend) and only a marginal increase (1.4 fold)

in micronuclei {(p < 0.05) were seen in the Syrian hamster
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compared to the negative control (air) for each species.

b. Primate

Sun, et al. (1989) exposed three male Cynomolgﬁs
monkeys (Macaca fascicularis) by nose-only inhalation to
10 or 300 or 8,000 ppm ['“C] BD for 2 hours progressing
from low to high exposure levels and with a minimum of 3
months separating the re-exposure. Prior to exposure,
the monkeys were fitted with a venous catheter that was
used to administer anesthetic (pentobarbital) and to
withdraw blood during exposures. No cytogenetic changes
were detectable _after these acute exposures at
concentrations as high as 8,000 ppm (National Toxicology
Programv1989).
Interpretation

The foregoing studies clearly demonstrate that the

mouse is singular in its bone marrow response to BD
exposure as only a marginal response was seen in the
hamster under identical experimental exposure to a high
concentration (1000 ppm) of BD. No such responses have
been observed in the rat of primate from subacute
exposures to 10,000 ppm BD (rat) or 8,000 ppm BD (monkey)
nor have these effects been seen in the rat foilowing 2
year exposures to 8,000 ppm (Owen, et al. 1987; Owen and
Glaister 1990).

2. Human Data

Checkoway and Williams (1982) evaluated persdna] air
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‘samples and blood specimens from 157 production workers at a

styrene-butadiene plant. The objectives were to quantify
exposure Tevels for styrene,.butadieﬁe, benzene, and toluene
and to relate these levels to variation in hematological
parameters. The highest mean styrene (13.7 ppm) and butadiene
(20.0 ppm) concentrations were found fn the Tank Farm area.
Compar%son of mean hemato]ogit parameters adjusted for age and
medical history status fndicated that eight Tank Farm workers
had slightly lower levels of circulating erythrocytés,
hemoglobin, platelets and neutrophils, and slightly higher
méan corpuscular volumes_and neutrqphil band forms than 145

workers in other areas. There were no indications of bone

marrow toxicity. With respect to the changes observed in Tank

_ Farm workers, the authors could not ascribe a cause directly

as exposure and clinical outcomes were measured concurrently
and at only one point in time. Overall, among the plant
workfdéce, they concluded that there was no striking
indication of bone marrow toxicity related to exposure
(Checkoway and Williams 1982, p. 168)
Interpretation

The analysis on]y invoived eight Tank Farm workers, a

number too small for reliable statistical tests for

significance. Any possible differences between the two groups

are, therefore, difficult to interpret. Because of the small
numbers of Tank Farm workers (N = 8), the authors stated that
this precluded reliable staiistical tests of significance.

Instead, the patterns of the differences in direction and
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magnitudes can be examined ... (Checkoway and Williams 1982,
p. 167). |

The same data was also analyzed differently by adjusting
for age and medical status using regression and correlation
analysis. In this analysis, the association studied was
between hematological changes and chemical exposure in all job
categories. The results showed an association between workers
exposed to butadiene and higher total leukocyte count and
higher mean corpuscular hemogliobin concentration. The
increase in total leukocyte count is opposite to what wou}¢
have been expected if butadiene exposure produced bone marrow
depression.

There are other data and statements by the authors that
do not support the butadiene-bone marrow depression and
cellular immunity hypothesis. For example, the authors state
the fo]]owing about 5 cases of hematologic malignancy
~identified among the styrene-butadiene rubber workers: "There
is a diversity of clinical disease represented in this case
group. While it is possible that styrene-butadiene rubber
exposures may have been the common causative factor, there is
a lack of specificity of the exposure-disease association”
(Checkoway and Williams 1982, p. 167).

Finally, cross-sectional studies are inadequate for
inferring causation because it is often difficuit to determine
the temporal relationships between exposure and disease. The
authors’ reason for the study was "to explore for possible

associations rather than to test specific a priori hypotheses
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regarding exposure effects." Typically, results from
hypothesis-generating studies are not given much credence
until they haveAbeen replicated in different popuTations.L To
date, there have been no attempts to replicate the findings of
the Checkoway and Hi11iams- study, but likewise, no such
associations have become appareht thrbugh routine medical
survei}Iénce of the SBR workers studied in the epidemiologic
cohorts.

The authors {Checkoway and Williams 1982, p. 164) state
that: "Overall, in this population there was no pronounced

evidence of hematologic abnormality, as determined from

" examination of peripheral blood." The results do not suggest

significant effects of butadiene exposure on hematologic

parameters for the following reasons:

1. The analysis of the Tank Farm workers versus the other
production workers is based on too small a number of
workers to perform statistical analysis to indicate an
association.

2. The results from the correlation and regression analysis,
adjusted for age and medical status, suggest no apparent
effect of BD exbosure. 1f anything, the results are
bpposite to what would be expected if BD exposure caused
bone marrow depression.

3. Cross-sectional studies are inadequate for inferring
causation.

4. Evidence from mice studies by Irons, et al. (1989) do not

support a link between hematological parameters and
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leukemia. Using two different strains of mice, the
B¢C3Fy and the NIH Swiss, Irons, et al. found almost
identical hematologicai changes and bone marrow toxicity
after BD exposure; yet marked differences were observed
with respect to the inc¢cidence of ITymphomas. This
difference was attributed to the presence of an
endogenocus MulV in one strain, but not present in the
other.

Confounding factors including race, smoking habits and
ethanol intake (all of which have been shown to effect the CBC
parameters measured) were not controlled for in this study and
may well have influenced the results seen, eSpecia11y in as
small a population as the eight Tank Farm employees. In
addition, although the differences seen between the Tank Farm
workers and the other workers studied were statistically
significant, there is nothing in this paper to suggest that
these.differences were clinically significant, or that any
medical surveillance program would have identified Tank Farm

employees as being in need of additional medical foilow-up.

Metabolism
Overview

OSHA’s description of the metaboiic pathways for BD is
largely correct except that the detoxification pathway for the
diepoxybutane has been omitted as has reference to the
detoxification of the epoxide metabolites with glutathione (as

evidenced by the depletion of non protein sulhydryls) and the

000146




- 32 -

species differences that exist in this elimination process. While
OSHA acknowledgeé that mouse/rat differences in wuptake and
metabolism of BD help explain why dramatically different responses
have been seen in carcinogenicity studies, OSHA needs to include
in its quantitative fisk assessment the species differences in
elimination of toxic metabolites of butadiene. OSHA cites much of

the original data on species differences in uptake and metabolism

- of BD but fails to include more recent and complete data which

- significantly impact previous assumptions concerning the percent

absorption at lower concentrations. OSHA ﬁeeds to revise
downward its conservative assumption of 100% BD absorption to 20%
absorption in mice at 1 ppm based on these recent dﬁta.
Metabolism- | |

The metabolic pathways depicted in OSHA’s Figure 1 are
those describéd by Malvoisin and Roberfroid (1982). Since then,
studies by Bo1t (1983) and Deutschmann and Laib (1989), provide
evidence that at least the 1, 2 epoxy 3-butene forms a congugate
with glutathione. Bolt (1983) showed that addition of
glutathione, especially glutathione plus rat liver cytosol, to an
incubation mixture containing rat liver microsomes and butadiene
resulted in a decrease in the amount of 1,2 epoxy 3-butene
measured. Deutschmann and Laib. (1989) showed an extensive
depletion of nonprotein sulfhydrj]s in the liver, lung, ané'heart
of mice exposed to BD, but a depletion of nbnprotein sulfhydryls
observed in the rat was not nearly as pronounced. These
reductions in nonprotein sulfhydryls and the difference between

species can be explained by differences in the amount of

0090147



11-98-1998 12:33 FROM EXXON BIOMEDICAL 70 S12026372281 ~. 11

~ 33 -

circulating epoxide and in the species’ differences in glutathione

S-transferase.

Another metabolic pathway, though less well substantiated
than the above, is the formation of crotonaldehyde (Duescher, et
al. 199C). This has presently only been identified in vitro.
With the exception of this minor metabolic pathway, all metabolism
of BD involves conversion to the biologically active epoxybutene
before detoxification or further metabolism to other forms such as

- the diepoxybutane. Thus, the internal concentration of
epoxybutane is Tikely to be a significantly better predictor of
“cancer risk than‘the internal dose of BD itself.
Uptake
OSHA uses zarly experimental data of Bond, et al. (1986) to

extrapolate a relationship between exposure concentration and

percent of inhaled BD retained at 7 or 80 or 1040 ppm for mice and
at 70 or 950 or 6100 ppm for rats. Based on regression equations
developed with these data, OSHA estimated that 100% absorption of
BD was achieved by mice at just over 2 ppm. Recent data by Bond,
et al. (1986) show that this is incorrect and that the absorption
at 0.8 ppm (1.4 ug/1) BD in mice should be 20%. In the complete
study, Bond et al. (1986) extended the exposure concentrations for
both rats and mice to 0.08, 0.8, 7.8, 78, 1040 ppm, and (for rats
only) 7100 ppm for a 6 hour period. The internal doses (rétained
concentrations) of butadiene at 6 hours are considerably Tower.
Correcting an error in the paper by Bond (1986), these new
absorption data for the mouse are 16% (0.08 ppm), 20% (0.8 ppm),
13% (not 20%) at 7.8 ppm, 8% at 78 ppm, and 4% at 1040 ppm
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compared with the earlier obsolete data for the mouse of 53% at
7.8 ppm, 9% at 78 ppm and 4% at 1040 ppm. Thus, at approximately
1 ppm, actual absorption data show a 20% retention in contrast to
OSHA’s extrapolated value of 100%. These new data should be

included in the OSHA assessment. ;
Dahl, et al. (1990) have aiso published data allowing the
estimation of retained BD doses in rodents and primates. In this
~ study, three male primates (Macaca fascicularis) were exposed by
nose-only inhalation for 2 hours to concentrations ranging from
0.08-1000 ppm. When normalized to body weight, the data from
Bond, et al. (1986) show that the rate of uptake of butadiene at
approxim tely 10 ppm ['°C] BD in mice was substantially greater
than for rats or monkeys. When normalized to body weight for each
species and expressed on a g mole per hour per 10 ppm basis, the
measured retention rates were determined to be 3.30, 0.46, and
0.52 p mole/Kg BD for the mouse, rat, and mohkey_respective1y.
Thus, for equivalent 8D exposures, the rat and primate
respectively receive 7.2 and 6.3 fold lower doses of BD than the
mouse. The level (77 p mol/ml/ppm) of the biological1y active 1,2
epoxy-3-butene metabolite in the blood of mice inhaling 7.8 ppm BD
were 590 times higher than in the blood of the monkeys exposed to
10 ppm BD (0.13 p mol/mL/ppm). After exposures to greater than
130 ppm [1*C] BD, mice and monkeys had roughly comparable leveis.
S1m11ar1y for rats, Dahl et al. (1990) show that blood 1eveIs of
1,2-epoxy 3-butene are some 40-fold lower in the blood of rats
exposed to 78 ppm BD than in the blood of mice similarily exposed.
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OSHA comments that while there are species differences in
the amount of BD at the target site both the rat and mouse
metabolized BD to the same reactive metabolites suspected of being
the ultimate carcinogens. The data by Dahl, et al. (1990) clearly
show that levels of circulating active metabolites are very
different between species; there are pharmacokinetic and metaboliic
data and "rationale to support these observations. While
qualitatively, the metabolism across species is similar, it is the
amount of reactive metabolite at the target sites which is
critical. This will be very different between species, and hence
the biological response would be expected to be different between
species.

It should be noted that the rat exposed to high BD
concentrations had no lymphomas and no lung, liver, or heart
tumors in contrast to the tumors at these sites occurring in the
mouse. As has‘been described in Section II, there is a rationale
for this in terms of the species differences in the enzymes
present for the epoxide formation and detoxification in at least
the lung and lTiver. Therefore, the different amount of reactive
metabolites at the target site is more critical than qualitative
similarities in metabolism between species.

Metabolism studies cited by OSHA only indicate that there
are signif}cant differences between the rat and mouse in the
metabolism of BD and that these differences correlate with
dramatically different tumor responses. When the missing data are
added, including the primate and limited human data, it become;

clear that the mouse is a poor model for man, and species
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differences in uptake and metabolism must be addressed in any
qualitative or quantitatiﬁe assessment of the human cancer risk.
Instead of presuming that BD absorption and metabolism is
the same in humans and rodents, OSHA should examine BD metabolism
in humans (using primate data) and compare to rodents before
drawing any firm conclusions about the cancer risk to humans.
Available data suggest humans are likely to be less sensitive than
rat or mouse. At occupational exposure 1éveis, which are two
orders of magnitudes below the low dose in the rat study, BD may

not present a human cancer risk.

‘Structure Activity

A review of the toxicity of other compounds with similar
structures to butadiene or.which are metabolities of butadiene
shows that the metabolism and detoxification of these compounds is
a determinant in the different interspecies responses obsérved.
In the case of butadiene, the epoxide metabolites have definite
biological activity in the rodent and it is these reactive
mgtaboiites rather than the parent butadiene that should be used
as a measure of internal dose.

OSHA recognizes the carcinogenic activity of the diepoxide
metabolite of butadiene and its IARC classification as a category
28 animal carcinogen. OSHA should note that intraperitoneatl
fnjection of the diepoxide metabolite into mice has been found to
cause a dose related increase in the number of iumors per mouse
and in the incidence of lung tumors (IARC 1976). Intraperitoneal
injection of diepoxybutane dissolved in water or tricaprylin were

given 3 times per week for 4 weeks to groups of 15 male and 15
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female mice. Total doses in water were 1.7, 6.7, 27, 108, and 192
mg/Kg body weight, resulted in incidences of lung tumors of 21,
40, 55, 64, and 78% respectively. Total doses of tricaprylin were
3, 12, 48, and 192 mg/Kg body weight, and the resulting incidences
of lung tumors were 40, 43, 46, and 50% respectively. The vehicle
(water or tricaprylin) control incidence of lTung tumors was 35%
(Shimkin 1986). The increases in numbers of lung tumors were
significant (p < 0.01) af the 3 highest dose Jlevels of
diepoxybutane administered in water (IARC 1976). This may have
bearing on the increased incidence of lung tumors seen in the
recent NTP carcinogenicity study of BD.

OSHA also examines 4-vinyl cyclohexene (VCH), butadiene
dimer, for evidence of the formation of biologically active
metabolites and cites the NTP carcinogenicity study on VCH. In
this study, rats and mice were administered by gavage 5 days/week
for two years to 0, 200 or 400 mg/kg body weight VCH in corn oil.
Survival was poor in dosed rats and male mice, making these
studies inadequate for determining the presence or absence of
carcinogenicity. MNevertheless, in VCH-treated female mice, there
was clear evidence of carcinogenicity due to the development of
rare ovarian neoplasms.

In another study, Van Duuren, et al. (1963) showed that
chronic application of VCH diepoxide (in benzene) induced squamous
cell carcinomas in male mice. In a two year carcinogenicity study
by NTP, mice were exposed by dermal application to 0, 2.5, 5 and
10 mg/day and rats 0, 15 and 30 mg/day of VCH diepoxide (in

acetone). VCH diepoxide induced squamous cell carcinomas at the

6c0152




- 38 -
site of application in both sexes and species. In addition, a
species difference was observed in the induction of ovarian
tumors, with ovarian tumors induced in the ovaries ¢f mice but not
of rats. |

As with butadiene, VCH is a carcinogen in which the greater
senéitivity of the mouse versus the rat to ovarian tumors can be
explained by species differences in metabolism.‘

VCH is metabolized by rat and mouse microsomes forming VCH-
l,Z-epoxidgl and to a lesser ektent, VCH-?,S-epoxidg and VCH
diepoxide (Watabe, et al. 1981; Gervasi, et al. 1981). These
epoxideé can be hydrolysed to their corresponding diols by epoxide
hydrolase. |

VCH itself was not mutagenic to $. typhimurium when
incubated with or without Aroclor 1254-induced rat or hamster $9
microsomal fraction. Hdwever, " the epoxide metabolites and
genotoxic VCH-1,2-epoxide was mutagenic to S. typhimurium (Simmon
and Baden 1980) and caused chromosomal aberrations in chinese
hamster V79 cells (Turchi, et al. 1981). VCH diepoxide was
mutagenic in.both bacterial and mammaiian cells (Turchi, et al.
1981). | |

Smith et al. (1990a) administered ['“C] VCH by gavage (400
mg/Kg). Animals were killed 1, 4, 8, 24 and 48 hours after dosing
and tissue burdens of ['*C] were determined. Major depots of [*“C]
VCH were adipose muscle and skin, but ovaries contained about the
same concentration as the liver. In another study (Smith'et al.
\1990b), doses of VCH, VCH-1,2- epoxide and VCH-7,8- epoxide (in

mice only) were given in corn oil, ip, to mice and rats at doses
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ranging from 0.07-7.4 m mol/kg body weight/day for 30 days. Al
compounds destroyed the oocytes in the ovaries of the mice, the
diepoxide was the most potent and the VCH-1-2- monoepoxide and VCH-
7.8_ were more potent than VCH. In rats, VCH itself had no effect
on the oocytes. This finding was correlated with the results of
a further in vivo metabolism study in which mice and rats were
given 800 ug/Kg VCH by intraperitoneal injection. VCH epoxide was
found in the blood of mice at a peak level of 40.7 u mol/ml, 2
hours after dosing. The diepoxide was not detected. Neither the
epoxide or the diepoxide was detected in the rat.

To determine if metaboli¢ differences could explain this
difference in the blood concentration of VCH-1,2-epoxide, the rate
of metabolism of VCH to VCH-1,2-epoxide, as well as the rate of
degradation of VCH-1,2-epoxide to VCH-1,2-dihydrodiol, was
measured in vitro using liver microsomes. VCH-1,2-epoxide was
formed at a faster rate in microsomes from mice than from rat. On
the other hand, VCH-1,2-epoxide degradation was 2-fold higher in
microsomes from the rat as compared to the mouse. It is evident
from these studies that the mouse has a greater capacity to
convert VCH to reactive intermediates than the rat. A large part
of the susceptibility of the mouse to ovarian toxicity is Tikely
due to the metabolism of VCH to the epoxides.

There would seem to be close analogy between VCH and BD
metabolism. Structure activity comparison support the contention
that the metabolites rather than the parent compounds are toxic
and carcinogenic and that there are major species differences in

the formation and biological consequences of these metabolites.
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OSHA should, therefore, recognize the quantitative interspecies
data.for the metabolites of BD in its assessment of human risk.
Genotoxicity 7

OSHA’s description is largely correct and includes rat data
(Cunningham' 1990) that should have been included eisewhere.
However, once again OSHA emphasized qualitative similarities
instead of quantitative differences. The genotoxicity data
demonstrate interspecies differences in the formation and
elimination of the reactive metabolites. Really all of the data
oﬁ metabolism, bone marrow toxicity, structure activity, and
gendto*icity lead to this conclusion. | OSHA should expressly
recognize in these sections the quantitafive interspecies
differences rather than the qualitative aspect, and then impiement

this conclusion in the quantitative risk assessment of butadiene.

November 7, 1990
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Awarded Zoological Society Prince Philip prize (1967).
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DISSERTATION RESEARCH:

Early biochemical and morphological changes in the skln with
particular reference to skin tumor promotion.

EXPERIENCE:
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Biomedical Sciences, Inc., East Millstone, N.J.

Company focus for health research and regulatory
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Representative on the International Institute of
Synthetic Rubber Producers and the Chemical Manu-
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regulatory agencies on risk assessment. Liaison
link with the National Toxicology Program.

Co-oxganizer of NIEHS/Industry 1988 symposium on
1,3-butadiene.
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Chairman of the International Institute of Synthetic
Rubber Producers/National Toxicology Program working
group on isoprene. ‘

Participant in the American Petroleum Institute Task
Forces on benzene metabolism and pharmacokinetic
research. Toxicology focus for interaction with the
Chemical Industry Institute of Technology.

Involved in emergency exposure and community exposure
guidelines, in health aspects of refining clean-up
operations and in molecular modeling. ‘

Responsible for comparative systems for compliance
with EEC labeling legislation, and the OSHA Communi-

" cation Standard, and WHMIS regulations.

Consultant to Exxon Basic Chemicals Product group
worldwide including PMN and other regulatory submis-
sions, eg. SARA Title 302 and 313 delisting petitions.

Chemical Toxicology Unit Head/Senior Staff Toxicolo-
gist Exxon Research & Environmental Health Div., E.
Millstone, NJ.

- Responsibility for the planning, budget (>3 million
dollars) and progress of all Exxon Chemical toxi-
cology programs which included supervisory
responsibilities for 6 Ph.D staff toxicologists.

- Coordination contact for chemical‘affiliate
toxicology programs.

- Supervision of unit‘s FDA advisory service to
Chemical and Petroleum operations.

- Study monitor for 2 year cancer bicassay (feeding
study) of a plasticizer at Exxon Environmental
Health Science Laboratory. S

- Developed systems for provision of toxicology
information for compliance with EEC Labeling of
Dangerous Substances and OSHA Hazard Communication
Act {this has included development of computerized
matrix algorithm programs).
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- Collaborative research degree studies with Professor
B, D. Goldstein and Dr. G. Witz, CMDNJ Rutgers
Medical School, N.J. in conjunction with Professor
D. V. Parke, Surrey University, U.K.; practical work
included mouse skin explant and in_vivo enzymatic
studies to determine early changes in the skin
following application of petrochemical and petro-
leum derived materials.

ECEU Toxicologist, Essochem Europe Brussels, Belgium

Provision of toxicology advice to all aspects of the
European regional chemicals operations and to Esso
Europe petroleum activities including product &
process relevant test programs, customer guestions,
in-house and external (University) training programs/
presentations on all aspects of toxicology. Designed
and initiated contracted joint industry toxicity and
mutagenicity studies on iscbutylene to answer concerns
of Belgian and EEC authorities. Carried ocut round

robin toxicity test comparison of European contract .
laboratories and a comparison of skin sensitization
techniques in guinea pig. :

Participated in UK Institute of Petroleum (IP) used/
unused oil cancer bioassay; European Additives Tech-
nical Committee (ATC) mutagenicity studies of zinc
dialkyldithiophosphates (lubricant additives).

Chairman of toxicity subcommittee of Health Advisory
Group for CONCAWE (the oil companies’ international
study group for Conservation of Clean Air and Water
Europe).

Chairman MEK-JACC group of ECETOC (European Chemical
Industry Ecology and Toxicology Centre).

Committee member; IP Advisory Health Committee Toxi-
cology subgroup; UK Chemical Industry Health and
Safety Executive Committee; ATC Toxicology Subgroup.

Assigned to Exxon Corp. Medical Department’s Reseaxch
& Environmental Health Division (REHD), Linden, NJ,
USA - .
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1976:

1975-1976:

1973-1974:

4=

Design and monitoring of centracted 90 day oral
feeding studies in rat and beagle dog. Interpretive
reports prepared and data presented in person to the
German BGA (and also subsequently to UK authorities)
for indirect food additive clearance.

Identified association between previous human
respiratory cancer cases (IPA/Ethanol processes) and
dialkyl sulfates; participated in Exxon TSCA Be
submission.

Responsible for toxicology programs in Solvent and
additive programs including animal inhalation
studies. ‘

ECEU Toxicologist Essochem Europe Brussels, Belgium
(2 month orientation and plan development)

Toxicologist, BP Group.

Design and arrangement of animal testing with

. contract laboratories and monitoring of studies

conducted. Provision of interpretive reports and
recommendations.

Liaison with British Industrial Biological Research
Association over sponsored studies.

BP toxicology representative in Joint Industry

. Group studies e.g., whole body inhalation carcino-

genicity studies of chloroprene.

Initiation within BP of short term mutagenicity studies
and responsibility for the incorporation into the
overall toxicity assessment.

- Provision of toxicology consultancy to BP Group.

- Member of Chemical Industry Safety and Health

Executive Committee (CISHEC).

Sponsored by British Petroleum for new M.Sc. Course
in Toxicology at Surrey University. Awarded M.Sc.
based on examination and research project - Liver

enlargement and associated phenomena on oral adminis-
tration of the antioxidant butylated hydroxy toluene
(BHT) to mice. (Supervisor Professor P. Grasso).
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1971: Transferred to BP Group’s Qccupational Health Unit -
: Assisted with toxicological aspects of Unit’s work
including skin and respiratory sensitization studies
of protein derived from petroleum hydrocarbons, and
skin absorption of phenol in pigs.

1870: Techniologist, British Petroleum Co., Sunbury, Middx,
UK - Member of project team on synthetic lubricants
for supersonic aircraft in particular Concorde, this
involved organic chemical synthesis, TLC and quanti-
tative densitometric determinations.
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FOREIGN LANGUAGES:
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phenomena on oral administration of butylated hydroxytoluene
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I. Intgoduggign

1. I am Professor of Toxicology and Occupational Medicine at the
Univeraity of Dortmund (since 1982) and head of the Depart-

ment of Toxicvology and Occupaticonal Medicine.

T have been Professor of Toxicology at the Universities of
Tibingen (1978-1979) and Mainz (1979-1982). My CV is atta-

ched.

Current memberships of boards and committees:
- EDROTOX (Bxecutive Board mwember)

- Gefman Society of Occupational Madicine (Executive Board

member)
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- "Specialized Expert" in the Field of Carcinogenicity/Muta-
genicity/Teratogenicity (European Communitiaes, DG XI)

- European MAC-Commission (Europaan Communities, DG V)

- Commission for the Investigation of Health Hazaras of Che-
mical Compound in the Work Area, F.R.G.

- Committes of Dangerocus Substances, F.R.G.

- Scientific Advisory Board of the Institute of Drugs, Fede-
ral Health .0ffice, and of the GSF (reasearch institutioen),
Mianchen (F.R.G.)

- Editor in Chief of the journal "Archives of Toxicoclogy?®,

Editor of several other scientific journais

I have been active in 1,3-butadiene research since 1980 and
have authored and co-authored many scientific articles on
this topic. The most important articles of our group are in-
cluded in the referencea list (see "Appendixc a" to this te-

stimony).

I have besn involved in the work of the 1,3-Butadiene Wor-
king Group of the F.R.G. Committea of Dangerous Substances
which has set the workplace limit ("Tachniecal Guiding Con-
centration”, TRK) for 1,3-butadiene. The present TRK in Ger-
many is for prdcessing after peolymerisation, loading: 15 ppn
{34 mg/mz), and for all other workplace areas 5 ppm (11
mg/m3). Basis of this regulation was tiie current staterof in-
dustrial processing methods and no conflicting expearience

from the fields of occupational medicine or toxicology.
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-3, The purpcse of the statement is to summrarice our studiss on

putadiene conducted in Germany and to discuss the implica-

tione of the results for human risk assessnant.

4. The availaple data demonstrate that long-term studies on
butadiens in mice do not adequately reflect the human situa-

tion because of species differences in the activating/deac-

tivating enzymes.

‘Bence, direct guantitative extrapolations of risk trom the

mouse studies on 1,3-butadiens to man seem not to be

justified.
II. De iption iscusgi £
1. Aim of the studies

1,3-Butadiene, a major cemponent in synthetic rubber and adipo-
nitrile manufactﬁre, has produced cancer at multiple sites in
two species of exparimental animals. In an inhalation bicassay
with Sprague-Dawley rats (exposure to 1000 and 8000 ppm for 110
weeks) butadiene affected exclusively organs with. endocrine
functions and was considered a weak onkogen (Hazleton.Laborato-
ries Eurcpe, 1981). A recant long-term study with.36c3r1-mice
(exposure to 625 and 1200 ppm‘for 60 weaks) revealed a conside-
rably higher carcinogenic activity (Ruif et al., 1985). Target

organs were lymphatic tissue, beart, lung, mammary gland and

N e
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possibly liver. This study was correborated by a second mouse

study (Melnick et al., Environmental Health Parspect. 86: 27,

1990) at lower axposure concentrations ranging frowm 6.25 to 625

ppm 1,3-butadiena.

The purpose of our studies was

(1) to investigate the routes and mechanisms of activation and

deactivation of butadiens and its reactive metabolite(s),

(2) to investigate species differences in metabolism to explain
the apparent differences in carcinogenic activity of

1,3-butadiene betwegn rats and mice,

(3) to set a basis ¢f an understanding as to whethar butadiene

action in man sbould be similar to that in one of both ro-

dent species.
The studies were performed, under my supervision, at:

- Institute of Pharmacology and Toxicology, University of Mainz
(1980-1982), and
- Institute of Occupatiovnal Health (Institut fur

Arbeitsphysiologie), University of Dortmand (1983-1983).

2. Enowledge on butadiene metabolism at the time when

our resasarch program startaed

CoOLT % G30174
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In microsomal incubates butadiene was metabolized by cytochrome

P=450 enzymes to 1,2-epoxybutene-3 (I). Further metabolic trans-
_ formation of epoxybutene by epoxide nydrolase and/or mOROOXYy-
_:) genase led to 3,4-epoxy-1,2-butanediol (III, via 3-butene-i,2-
_" diol} and to diepoxybutane (II, see Fig. 1). Epoxybutene was

conjugated with glutathiocne and netabolized by glutathione-S-—

transferase (Malvoisin et al., 1979; Malvoisin et al., 1982;

Ma.voisin and Raoberfroid, 1982; Bolt et al, 1983). Vv

3. Pharmacokinetics and metabolism of butadiene and epoxybutene

in tats and mice
To investigate the species differences in buta iiene induced carvr-
cinogenesis comparative studies on inhalaticn sharmacokinetics,

metabolism and DNA-binding of inhaled butadiens were ceonducted

in rats and mice.

The pharmaceokinetics of distribution and metabslism of butadiens
and epoxybutene in mice were investigated on inhaiation
) (Rreiling et al., 1986; Kreiling et al., 1987) at the Univer-

. sities of Mainz and Dortmund (see above). Kinstic parameters we-
re determzined based on a pharmacokinetic model developed by Fil-
ser and Bolt (1981). A comparisen of these results with the
pharﬁacokinetics parameters of both compounds in rats was per-

formed (Bolt et al., 1984; Filser and Bolt, 1984) . The following

results wera obtained.

3.1 Metabolism of butadienes

To compare the metabolic elimination rates of butadiene in rats

and mice, we placed mice and rats in separate closed chambers

odologies and results

: 4 For convenience, details of study meth 010¢ L
;) are presented in single-spaced text. This 1S customary in
Germany.
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with fixed cancasntrations of butadiene in the air, and then nesa-

sured the decline in butadiene concentration over time. The de-

cline in concentration indicates tkhat there has besn uptake and

m=tabolism of butadiene by the test animal.

Calculated metabolic elimination rates of butcdiene for rats

and mice depending on the atmospheric concaentration of the com~-
pound are sbown in Fig. 2. Up to amhient concentrations of about
1000 ppx butadiene metabolic elimination of butadiene is propor-
tional to the exposure concentration in mice and rats. Above
1000 ppm saturation kinetics of butadiene metabolism become ap-

parant in both species.

I

Fig 2 shows that the iminati & of
mice: is about twice that in prats, both under conditions of low

and high exposura concentrations.

-

This means that mice metabolize 1,3-butadiens :o the reactive

metabolitae epoxybutens at about twlice the rate seen in the rat,

3.2 Metabolism of epoxyhutene, the reactive intermediate

We also examined epoxybutene metabolism by measuring the exhala-

tion of epoxybutene in a closed chamnber.

Fig. 3 shows the (calculated) wmetabolic elimination rates of
epoxybutene for rats and mice depending on the atmospheric con-
centration of the compound in this experimental system. A compa-
rison of both species raveals that at iower exposure concantra-
tions mice show & higher metabolic rate for spoxybutene than
rats. Epoxybutene metabolism in rats is linearly dependent on
the atmospheric concentration of the compound up to exposure
concentrations of about 5000 ppm (Ereiling et al., 1987). In mi-
ce saturation of spoxybutene metabelism can be observed at abkout

500 ppm.
Thus, with increasing exposure concentration the metabglic capa-

ane beconpes a lipit] in mi ut not in
rats,

CoCL7e 0GC176
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This means that the mouse, wiich forms epoxybulene at twice the
rate of the rat, is less capable of eliminating this reactive
metabolite, éarticularly'at butadiene exposure levels above 500
ppm. One would expect, therefore, to see higher levels of epoxy-
butene in the blood and tissue of the mouse compared to the rat

undar identical exposure conditions.

3.3 Exhalation of epoxybutene (reactive metabolite) during

exposure to butadiene

" Exhalation of epoxybutene into the atmesphere of a closed expo-

sure system can be measured whep mice or rats are exposed conti-
nuously to high butadiene concentrations (akove 2000 ppm; Filser
and Bolt, 1984; Ereiling et al., 1987). Fig. 4 shows that exha-
lation of epoxybutene by mice leeds to an increase of epoxy-
butene in the atmosphere of the system with exposure time, until
a peak concentration of about 10 ppm is reached atter 10 h. Epo-~
xybutene exhaled by rats reaches a plateau conesntration of
about 4 ppm after 2. h of butédieno exposure. Tha subseguent de-
cline in epoxybutane concentration in tbe axpe. iment with mice
is the result of a decreassd butadiene metabolism. From about

12 b onwards mice showed signs of acute toxicity and liver non=
protein sulfhydryl content of the animals was practically Qe-
pleted. In rats using the same protocol the bepatic non-protein
sul fHydryl content showed ne major depletion and no toxiciﬁy wae

orservxd (Kreiiing et al,, 1988).
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 These observations can be explained by pbharmaccokinetic differen-

ces between the rat and the mouse. Since the metabolic elimina=-

tion of 1,2-epoxy=-3-butene in mice is a saturable process, the
concentration of 1,2-epoxy-3-butens metabolizad from
1,3-butadiene gradually increases and is exhaled. This results
in ap increase in the atmsospheric concentration of
1,2-gpoxy=-3-butene in the closed-chamber system. As long as the
atmospheric butadiene concentration remains high Qnough to sa-
turate epoxybutena metabolism, there is a gradual ingrease in
the internal concentration of 1,2-epoxy-3-butene. In rats, tbis
increase in the internal concantration of 1,Z-epoxv--3I-kutene
does not occur since its metabolism doas seem to saturate even

at extarmal butadiene concentrations of S$000 ppm.

The difference in epoxybutene exnalation between both spe-

cles indicates that in mice the eliminatiopn pro:zags of epoxv-

bytene oceeds 5 n conditions even when the com-

) j 1 ene durin o h buta-
cons N |

4. Butadiene-inducad depletion of non-protein sulfhydryl cen-

tent in different tissues of rats and mice

The effacts of differant exposure concentrations of butadiene on
the cellular non-protein sulfhydryl (NPSE) contant of liver-,
lung- and heart tissue were investigated ir mic: and rats
{Dautschmann and Laib, 198%). NPSH depletion is an indication of
the amount of systemically availanle epoxide intermediates. This

is bacause reactive epoxides, such as epoxybuteie, react with

G20178
JCLTS |




S EHDER

[FAR. CARTMUND av 231 1Lusa304 UL, 11.9v La:au i . LL

]

_incracellular glutathions which is the major constituent of KPSH

cozpounds. For a comp&riscn of the data with tbe animal bio-
assays, the expsrimental cutliine oflthe study was chosen as clo-
se as possible to the longternm inhalation studies (i.e., the rat
bicassay and the first mouse bioassay, the data of which

were available at the time when the studies described bere were
started) . Groups of male animals of both species were eprsed
for 7 b in an "open" exposure system to. different concentrztions
bf butadiene. Tissue NPSH content was determined immediately af-

ter exposure accordinq to a modified Ellman procadure.

A comparison of both species is shown in Fig. 5. In ljiver and

=) tg o ect b jene e measy-
rad. A comparisen of the dose~dapendent depletion of tissue NPSH
with tbe actual exposure concentrations used in the bioassay
with rats should be possible under the assumption that butadiene
petabolism and NPSH resynthesis remain unchanged during chronic
exposure. On this basis a recurrent daily depletion of NPSH con-
tent in liver of about 25 or 60 %, and in lung of about 20 or 30
$ can be estimated for the low (1000 ppum) and bigh (8000 pp®)
exposure concentration respectively. Drastic effects of buta-
diene on NPSH content in tissues of mice could be demonstrated.
Under conditions of the (first) animal bicassay with mice (and
with the assunptions detailed above) the estimaited recurrent

daily depletions of NPSH content were in liver about 50 and 70

%, in lung. about 70 and 90 % and in heart about 25 and 40 %, for
the low (625 ppm) and high (1250 ppm) exposure concentration
respectively. Cardiac tlssue does not.sigqificantly contribute

to xenobiotic metabolism. S £ ue n
indi - stemn] i .

eppxide intermediates, That the heart is passed by the efferent

blood flows of two butadiene metabolizing organs may explain its

special suspectibility as a target organ of butadiene carcino-

genesis in the nouse.

5. Alkylation of nulear proteins and DNA by resctive butadiene

retaholites

The tumor initiating properties of 1,3-butadiene according to

our data and the data of others, are causally connected with the

(SN | 000173
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DNa=alkylating properties of reactive metabolites of
1,3-butadiene (e.g., epoxybutene}. Hence, it was important to
comparatively study alkylation of nuclear proteins and of DRA
after exposure of mice and rats to 1,3~-butadiene, Furthermors,

the chemical nature of DNA-binding products was investigated

(section 5.1).

wWhen mice (BGCSF&) and rats (Wistar) were exposed to (1,4~
14C)1,3-butadiene (spec, radioaétivity 11,2 mCi/mmol) butadiene
derived radiocactivity was covalently bound te liver nucleopro-
tein fractions and. to total liver DNA of both species (Kreiling
et al., 198§). o t bindin active butadiene metabo-

t iv ins i W about twic -
in rats. This shows that, parallel to the about 2-fold bigbar
metakbolic rate of butadiens in.mice, the formetion of reactive
praotein-binding metabolites is proportionally increased in this
species. Comparable amounts of (14C)-butadiene derived radio-

activity were associated with total liver DNA of both species.

5.1'Formation of the DNA adducts 7-N-(l-hydroxy-3-buten-2-yl)-
guanine and of 7+N-{2,3,4-tribhydroxybutyl)iquanine

7=N-(2-hydroxy-3-buten-i-yl)guanina (%), 7=-N={(l-hydroxy-3~bu-
ten-2-yl)guanine (I1) as (eipected) reaction products of guanine
rasidues with epaxybutene ware synthasized according to Citti et
el. (1984). 7=-N=(2,3,4-trihydroxybutyi)guanine (IIl) as an ex-
pected reaction product of guanine residues with diepoxybutane
was synthesized by reaction of diepoxybutane with guanosine and
subsequent acid hydrolysis. The compounds (see Fig. 6) were cha-
racterizaed by physico-chemical methods. Male Wistar rats and ma-
le B6CIF nice were exposed to initial concentrations of 500 ppm
(L,4~" "C)1l,3~butadiense (spec.. radioactivity 11,2 mCi/mmol) in a
closad exposurs system. Liver-DNA was isolated and purified by
hydroxylapatite chrowatography. DNA with I, II and II1 added as
non-radicactive markers was subjected to acid depurination and
the DNA hydrolysates ware apalysed by ceiumnn chromatography
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(Jelitto et al., 1983). Analysis of mouse liver DN& revealed the
elution of radioactivity within the first fractions and further
2 peaks of radioactivity asgoclated with the added marker com-
pounds I and I1I (see Fig. 7). Upon analysis of rat liver DNA
only radioactivity associated with the first fractions of the
column was eluted. : '

This shows that 7-N-{l=-hydroxy-3-buten-2-yl)guanine and.
7<= (2,3,4-tribydroxybutyl)guanine, reaction products of epoxy-

o i but nao the animais to.

l4C-butadiene.

5.2 Formation of DNA-DNA and DNA=-pratein crosslinks

Male Sprague-Dawley rats and male BGC3F1 mice ware exposed for
7 h to 250, 500 aﬁd.looo ppo butadiene. Immediately after expo-
sure ccil nuclei of liver and lung tissue were isolated and sub-
jected to alkaline elution according ta a modification of the
cathod of Sterzel et al. (1984). Alkalinelelution curves ob-
tained from the tissues of plge show the occurrence of protedin-

DNA and DNA-DNA crosslinks from about 250 ppm butadiene onwards
(Pig. 8). No crosslinking activity of butadiene was observed

for rats (Jelitto et al., 1989). The crosslinking activity of
butadiene in the mouse cCan be attributed to its reactive and bi-

functionally alkylating intermediate diepoxybutanse.
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III. tion Buman risk assess

our investigatiens on inhalation pharmacokinetics of pbutadiens
and its primary reactive intermediate epoxybutene in mice and

rats have reascnably demonstrated that the species differences
observed in butadiene carcincogenicity are ralated to species

differenzes in metabolism of this comPOund; In addition to the
higber metabolic rate of butadiene in mice, linited detoxifica-
tion and accumulation of its rsactive epoxide intermediate epo-

¥ybutene must be major determinants for the higher susceptihili-

ty of mice.

The detection of alkylation products of epoxybutane and diepoxy-
butane with guanine residues in liver DRA of mice exposed to bu-

tadiene indicates that epoxybutene is further bictransformed to

diepoxybutane in this species. This viewv 1ls supported by the
crosslinking activity of butadiene towards DNA and protains in
zmice which can be attributed to the bifunctional alkylating di-

epoxybutansa.

The quantitative differences in butadiene metabolism and in bio-
logical effectivity of the reactive epoxide intermediates be-
tween rats and mice reflect the different onzyma.actiﬁitias in-
volved in butadiene metabolism which are important in view of

numan riskX assassment.

Tab. 1 shows the ratios of specific enzyme activities in subcel-
lular preparations of rodent and human liver and Ilung, as calcu=-

lated from published data by Lorenz et al. (1984). The estimated .

660182

...........




13

‘ratios of specific enzyme activities of hepatic enzymwes in mice

ve. rats are for monooxygenases 2:1, for epoxide hydrolases 1:4

and for glutathione-S-transferases 5:1. For lung tissue these

ratios are about 7:1 (monooxygenases), 1il (epoxide hydrolases)

and 10:1 (glutathione-S-transferases). Although these specific
enzyme activities wers not establisbed with butadiene or its
epoxides as substrates the ratios demonstrate, that the higher
capacity for epoxidation in mice vs. rats'can not be adeguately
counterbalanced by epoxide detoxification through epoxide hy-

drolase in this species. Thus the major part of epoxide detoxi-

fication in mice should proceed via glutathione-S~-transferase

mediated pathways with tbe result of glutathions depletion and a
subsequentlg-increased toxicity and covalent binding of'reactive
butadiene intermediates. The drastic depletion of tissue NPSH
observed in wice but not in rats after acute exposure of the

animals to butadiene is supportive of this viev.

All the available data demonstrate that from a quantitative
point of view the long-term studies with mice co not adequately
reflect the human situation. Table 1 shows that, with raspect to
the activating and de-activating enzymes involved in the bio-
cransformaéion a£'1.3-butadiene in liver and lung, the mouse is
anly a very peor model for the situation occurring in man. Clo=

ser to the human situation is the rat of which the tumor re-

sponse to 1,3-butadiene is only very weak.

These conclusions from our own studies are supported by studies
of others which have included monkeys. Schmidt and Loser {Arch.
Toxicoli. 57, 222, 1985) have incubated 1,3-butadiene with
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post-mitochondrial fractions frox BGCSFl-mice, Sprague-Dawley
rats, rhesus monkeys and man (lung and liver). Metabolism was
faster with preparations from mice, folliowed by rats, then fol-

lowad by the primates (man, monkey}.

Dahl et al. (Environmental Health Perspect. 86, 65, 1930) have
reported about metabolisxz studies o1 1,3-butadiene in several
species including monkeys. Blocd levels of tosic metabolites of

1,3~butadiene were lower in monkey than in rodents.

These studies are in line with ours and demonstrate that the
quantitative metabolism of 1,3-butadiene is very much different

between mice and primates.

IV. Summary and Conclusigng
1. Summary

Corparative investigations of inhalation pharmcekinetics of
1,3-butadiens and of its reactive metabeolic intermediate, apoxy-
butene, revealed major differencss in metabolism of these com-

pounds in rats (Sprague-Dawley)} and mice (B6C3F,).
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In both species metabolism of butadiene to epoxybutene follows
saturation kinetics, but mice patabolize butadiene at about twi-
ce the rate of rats. Epoxybutene metabolism is saturable in mice
at low atmospheric concentrations of the compound, whereas in
rats no indication of saturation of epoxybutene metabolism can
be observed. Under conditions of saturation of butadiene maetabo-
lism, considerably higher amounts of epoxybutene are exhaled by
mica when compared to rats. When mica or rats are exposed for 7
h to different concentrations of butadiens, a dose-dependent de-
pletion of cellular nonprotein sulfhydryl (NPSH) content can be
observed in mice for all tissues (liver, lung, heart) examined.
Depletion of WNPSH content starts from about 250 ppm butadiens
onwards. In rat tissuye NPSH content is significantly reduced at
high”exposure-concgngfatinns and in liver only. After exposure
of rats and mice to C-butadiens, radicactive 7-N-~(l1-hydroxy-
S3=cuten—~2-yl)guanine and 7~N-(2,3,4-trihydroxybutyl)guanine,
reaction products of epoxybutaene and possibly diepoxybutane with
quanins can be detscted in liver DHXK of mice but not of rats. In
addition DRA& elution curves obtained fromw liver and lung tissue
of mice show the occurrenca of protein-DNA and DNA-DHA cross—
links from about 250 ppm butadiene onwards. No such crosslinking
activity of putadiene was observed for rats. These data indicate
that epoxybutene and dispoxybutane are ultimate genotoxic prin-
ciples in butadiene metabolisw and responsible for the carcino-

geric properties of this compound.
The. quantitative differencas, in biolegical effectivity of the
reactive epoxide intermediates between rats, mice and possibly

man reflect the different ratios of specific snzywe activities

involved in butadiene metabolism in thaese species.
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2. Conclusions

1,3-Butadiene shows a carcinogenic response in Sprague-Dawley
rats and B6CIF, mice. However, bethb species behave much diffe-

rent: 1,3-butadiene is a relatively strong carcinogen in the

mouse, but only a very weak one in the rat.

The species differencaes in carcinogenic response to butadiene
can reascnably be explained by species diffarencas in metabolism
and ﬁre due to different activities of activating and deactive
ating enzymes. According to literature data on the activities of
these enzymas in mick, rats and humans, it must be concluded
that, guantitatively, the mcuse is a poor model for the carcino-
genicity of 1,3-butadiene. The rat, in which 1,3-butadianre exhi-
bits a very weak carcinogenic respcnse only, is much closer to
the human situation, as far as the activities of the butadiene-

transforming enzymes are concarned.

Rence, guantitative hunan risk aestimates for 1,3-butadieng based

on mouse data can bae expectad to extensively overestimate the

actual riak for man.

Dertmund, October 95, 1990

Yo Bl

{Prof. Dr. Dr. Hermann M. Bolt)
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Fig. 1: Metabolism of butadiéne according to Malvoisin and Ro-

berfroid (1982). The potential reactive intermediates

are framed.
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Fig. 2: Metabolic elimination rate of butadiene in mice (o)

(B6C3F,), and rats@%Sprague-Dawley) depending on the

atmospheric concentration of the compound.
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Fig. 3: Metabolic elimination rate of epoxybutene in mice (o)

(B6C3F,) and rats{)f Sprague-Dawley) depending on the
atmospheric concentration of the compound. Metabolism of
epoxybutene in rats is linearly dependent on the concen-

tration of the compound up to 5000 ppm epoxybutene.
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Fig. 4: Time courses of epoxybutene concentrations exhaled into

the atmosphere of a closed exposure system (6,4 1) by
two Sprague-Dawley ratssor six BGC3F1 miceeduring conti-

nuous exposur’) to high butadiene concentrations
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Fig. 5: Depletion of NPSH content in liver-, lung-, and heart
tissue of Sprague-Dawley rats and B6C3F, mice after a
7 h exposure to butadiene. Depletion of NPSH éontent is
expressed in ¥ of the corresponding control value (+ SD)
. and plotted as a function of the logarithm of the expo-

exposure concentration.
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i
O CHy=CH=CH=CH,

N
Hi /) I 7-N-(2-hydroxy-3-buten-1-yl)guanine
Ca ®
CHz'OH
CH CH= CHZ
J& > T 7-N-(1-hydroxy -3 -buten-2 -yl)guanine
HoN
OH

CHz‘CH'CH CHZ OH

OH
)I I 7-N-(2.3.4-trihydroxybutyl) guanine
HzN

Fig. 6: Reaction products of metabolic intermediates of buta-

diene with guanine residues.
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Fig. 7: Analysis on Aminex-A6 of a hydrolysate of liver DNA

from mice (Bscarl) exposed to 14C-butadiene. The non-ra- .

diocactive markers I, II and III had been added prior to

hydrolysis. Elution of radiactivity (top) and of UV-ab-

sorbing material (bottomn) oono
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Table 1: Ratios of specific enzyme activities in subcellular

preparations of rodent and human liver and lung

{(calculated from Lorenz et al., 1984)

Monooxygenase Epoxide- Glutathione-S
hydrolase transferase
liver lung liver lung liver lung
NMRI ’ 4 1220 0.25 0.7 4 10
mouse
Sprague- 2 180 1 0.7 0.8 1
Dawley rat
Man ' 1 1 1 1 1 1.

P T W )

St e e i O




short Curriculum Vitae

Hermann M. Bolt,
prof. Dr. med., Or. rer. nat.

Gorn Jan. 13, 13 in Kirchen/Sieg (Germany)

Education in Cologne, then
- studies of medicine, University of Cologne, 1962-1967;
- studies of biochemistry, University of Tibingen, 1968-1971.

Doctoral degrees: Dr. med., 1968; Dr. rer. nat., 1973.

1971-1979: At the Institute of Toxicology, University of Tibingen (Mead: Prof.
Dr. H. Remmer), as scientific assistant and lecturer.

1974: Habilitation in Biochemical Pharmacology.

1979-1982: Head of Section of Toxicology at the Institute of Pharmacology, uni-
versity of Mainz,

Since 1982: Director at the Institute of Occupational Heslth (Institut fUr
Arbeitsphysiologie), University of Dortaund, and Chairman of the Department of
Toxicology and Occupational Medicine.

Commission and commi rshi of 1990

- Commission for the investigation of hesith hazards of chemical compounds in
the work ares, Deutsche Forschungsgemeinschaft,

- Committee on dangerous substances, Federal Minister of Labor and Social Af-
fairs, F.R.G. :

- Specislized ci;ptrts in the field of carcinogenicity, mutagenicity and terato-
genicity, Commission of the European Communities, furssels,

- Medicines commission of the Germsn physicians,

- Cosmetics commission, Federsl Health Office, F.R.G.

i ommi £t rahi

- Federstion of the European Societies of Toxicology (FEST)/EUROTOX
- Germsn Society of Occupationst Medicine
- German Society of Pharmacology and Toxicology

(Chairmen of the Section of Toxicology)

£ s e e
M e N atin s @



Editorial board memberships

- Archives of Toxicology (Editor-in-Chief)

International Archives of Occupational and Environmental Kealth (Cooperating
Editor)

Journal of Biochemical Toxicology (Associate Editar)
CRC Critical Reviews in Toxicology (Editorial Advisery S8ocard)

A list of publications is available on request.

Feb. 8, 1990

| Lo Bitt—

(Hermann M. Bolt)

P R e
LA N O




Docket No. H-041

TESTIMONY OF DR. THOMAS B. STARR

My name is Thomas B. Starr. I am currently Principal, Health Sciences Division,
ENVIRON Corporation, Arlington, Virginia, a consulting firm providing counsel in
health and environmental sciences, and Adjunct Assistant Professor of Biostatistics,
University of North Carolina School of Public Health, Chapel Hill, North Carolina. I
received by Ph.D. in Physics from the University of Wisconsin at Madison in 1971.
Following a National Science Foundation Postdoctoral Fellowship in the Institute for
Environmental studies at Wisconsin, I served on that Institute’s academic staff and
faculty from 1972 to 1981. I subsequently joined the Chemical Industry Institute of
Toxicology (CIIT), Research Triangle Park, North Carolina, serving first as Scientist in
- the Department of Epidemiology from 1981 to 1987, and then from 1987 to 1989 as
Director of the CIIT Program on Risk Assessment.

Since 1984 I have served on the Halogenated Organics Subcommittee of the United
States Environmental Protection Agency’s Science Advisory Board Environmental Health
Committee. I have testified before the United States Occupational Safety and Health
Administration (OSHA) regarding human health risks posed exposures to formaldehyde
and cadmium. 1 have served on the Air Toxics Panel of the North Carolina Academy of
Sciences, the North Carolina Environmental Management Commission’s Ad Hoc
Committee for Air Toxics and Air Quality Committee, and I currently serve on the
Secretary’s Scientific Advisory Board on Toxic Air Pollutants for the North Carolina
Department of Environmental Heaith and Natural Resources.

I am an active member of the American Statistical Association, Society for
Epidemiological Research, Society for Occupational and Environmental Health,
American Association for the Advancement of Science, Sigma Xi, New York Academy of
Sciences, Society for Risk Analysis, and the Society of Toxicology. In 1988-89 served as
first President of the newly formed Society of Toxicology Specialty Section on Risk
Assessment, and I currently serve as President of the Research Triangle Chapter of the
Society for Risk Analysis. Since 1987 I have served on the editorial board of
Fundamental and Applied Toxicology.

* Qver the past twenty years, I have published more than 80 scientific papers,
abstracts, and book chapters. My scientific research has focused primarily on developing
effective means for incorporating information regarding the mechanisms by which
chemicals cause toxicity into quantitative risk assessments, and also on improving
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epidemiologic surveillance methods for assessing effects of chemical exposure on worker
heaith. :

Recently, the Chemical Manufacturer’s Association (CMA) requested that
ENVIRON critically review certain aspects of OSHA’s preliminary risk assessment for
1,3-butadiene (BD), commenting specifically on the extent to which assumptions and
procedures used by OSHA to quantify internal doses and potential cancer risks in
relation to airborne BD concentration were consistent with currently available scientific
information regarding BD toxicity and carcinogenicity in laboratory animals and humans.
CMA further asked that ENVIRON recommend improved methods for quantifying the
potential cancer risks resulting from BD exposure if aspects of the approach taken by
OSHA appeared deficient in light of current knowledge regarding BD’s mechanisms of
toxic action. Our observations and conclusions to date are set forth in the attached
report, "Comments on the Occupational Safety and Health Administration Quantitative Risk
Assessment for 1,3-Butadiene," which is offered for consideration by OSHA.
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My name is Joseph V. Rodricks. I am one of the founding Principals of ENVIRON
Corporation, with considerable background and experience in assessing the risks to human
health of exposure to toxic substances. I received my B.S. from M.LT. in 1960, and my
Ph.D. in biochemistry from the University of Maryland in 1968. In 1969-70, 1 was a -
postdoctoral scholar at the University of California, Berkeley. I am Certified as a Diplomate
of the American Board of Toxicology. Since becoming a consultant, I have conducted and
directed numerous risk assessments for private clients, trade associations, and government
agencies. [ have provided such analyses for a variety of pesticides, occupational carcinogens,
environmental poilutants, food and color additives, and drugs. In addition, I have been
involved in the development of risk assessment methods to serve a variety of purposes.

Before working as a consultant, I spent nearly fifteen years at the Food and Drug
Administration. In my final two years, I was Chief Science Advisor to the Commissioner of
FDA, with special responsibility for risk and safety on chemical and toxicological evaluation
of food contaminants and additives. I was a member of the National Academy of Sciences
Board on Toxicology and Environmental Heaith Hazards, and have also served on and
chaired other Academy Committees and Subcommittees. I have written more than seventy
scientific publications on food safety and risk assessment and have lectured widely on these
subjects. I have also provided expert testimony before U.S. Congress, in administrative
proceedings and in court. ' '

In 1986, the Chemical Manufacturers Association (CMA), requested that ENVIRON
Corporation review the available scientific evidence regarding the toxicity of 1,3-butadiene
(BD) and conduct a quantitative assessment of the potential risks to workers from exposure to
BD. I participated in and supervised that review and assessment, the resuits of which are
contained in a 1986 ENVIRON report, "Assessment of the Potential Risks to Workers from
Exposure to 1,3-Butadiene”. While that report is already a part of the OSHA docket for BD,
an updated summary of that work has recently been published in Environmental Health
Perspectives and is offered for consideration by OSHA.
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I. INTRODUCTION

A, Purpose

In 1986, at the request of the Chemical Manufacturers Association (CMA), ENVIRON
Corporation, a consulting firm specializing in the health and environmental sciences,
conducted a detailed assessment of the potential risks to workers from 1,3-butadiene (BD)
exposure. The final report of that effort (ENVIRON 1986) is now part of the U.S.
Occupational Safety and Health Administration (OSHA) docket for BD. When OSHA
recently announced that public hearings would be held regarding its new proposed rule for
BD (OSHA 1990), CMA again approached ENVIRON for assistance with the risk assessment
1ssues raised by worker exposures to BD. CMA requested that ENVIRON critically review
certain aspects of OSHA's preliminary risk assessment for BD, commenting specificaily on
the extent to which assumptions and procedures used by OSHA to quantify internal doses and
potential cancer risks in relation to airborme BD concentration were consistent with currently
available scientific information regarding BD toxicity and carcinogenicity in laboratory
animals and humans. CMA further asked that ENVIRON recommend improved methods for
quantifying the potential cancer risks resuiting from BD exposure if aspects of the approach
taken by OSHA appeared deficient in light of current knowiedge regarding BD’s mechanisms
of toxic action. This document describes our observations and conclusions to date.

B. Summary of Principal Conclusions

Our principal finding is that a strong, scientific basis exists for concluding that all
estimates of cancer risk to which OSHA has referred, including its own "best” estimate,
actually overpredict the human cancer risks expected from BD exposure by a substantial
margin. This basis is comprised of several distinct elements.

First, data'now published in the peer-reviewed literature indicate that BD retention by
rodents has been inaccurately represented by both the U.S. Environmental Protection Agency
(EPA) and OSHA. Specifically, these data demonstrate that at airborne concentrations of BD
on the order of 2 ppm, OSHA has overestimated the dose of BD retained by B6C3F1 mice
by an approximately S-fold factor. Second, similar data obtained from exposed monkeys
show that primates retain approximately 6-fold less BD than mice at airborne concentrations
of 10 ppm or less. Thus, based solely on the new comparative data regarding BD retention,
one can reasonably conclude that humans would experience about 30-fold lower cancer risks
than would identically exposed mice.

000204
ENVIRON




D

Third, additional data from the same studies indicate that blood levels of a highly DNA-
reactwe and mutagenic metabolite of BD, namely, | 2-cpoxybutc.ne-3, are 40-fold lower in
monkeys than in rats, and aearly 600-fold lower in monkeys than in mice at airborne BD
concentrations of 10 ppm or less. Thus, significant interspecies differences exist in the
metabolism of retained BD to toxic intermediates. At the present time, the concentrations of

~ 1,2-epoxybutene-3 in the blood of BD exposed monkeys and rodents provide the best

available measures of mtcmai or "delivered” dose upon which extrapolations of cancer risk
from laboratory animals to humans can be made. Based upon these measures, one can
reasonably conciude that humans would experience anywhere from 40-fold to nearly 600-fold
lower cancer risks than rodents when exposed to BD concentrations in the range of concern to
OSHA. Fourth, results from epidemiologic studies of exposed workers are consistent with
such small predicted risks and, in addition, confirm the improbability of OSHA’s having
underestimated the human cancer risks posed by BD exposure.

It is our principal recommendation that OSHA base its risk estimates on the
measurements of 1,2-epoxybutene-3 levels in rodent and primate blood, since these data
provide the best presently available measures of *delivered” dose for BD. If instead OSHA
continues to base its risk estimates solely on the amounts of BD retained by mice or rats, then
it must replace the inaccurate estimates of these quantities with the correct values. ‘

Because great uncertainty remains regarding the roie of the murine leukemia virus in
modulating the amplitude of the tumor responses seen in the B6CIF1 mouse, we further
recommend that OSHA continue to exclude the B6C3F! mouse lymphomas from its analyses,
and give at least equal weight to the risk estimates that can be derived from tumor responses
seen in the Hazleton Laboratories Europe Ltd. (HLE) rat study of BD. Moreover, we
recommend that OSHA exclude the mammary fibroadenomas from its analysis of pooled
female rat tumors from the HLE study because the risk estimates obtained by including these
benign lesions do not accurately portray the much lower risks of true malignancy. Pooling of
the benign fibroadenomas with malignant tumors seen in female rats yields risk estimates that
are virtually identical to those that would arise from a separate analysis of the fibroadenomas
alone.
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II. THE OSHA APPROACH

A. Selection of Carcinogenic Response

As noted in its proposed rule (OSHA 1990), OSHA's "best” estimate of human cancer
risk from occupational exposure to BD was derived from a two-stage model fit to female
B6C3F1 mouse heart hemangiosarcoma incidence as observed in the National Toxicology
Program BD inhalation bidassay (NTP 1984). OSHA employed "crudely adjusted” estimates
of tumor incidence, which are obtained by eliminating from consideration those animals in a
study that die prior to the time of first appearance of the specific tumors of interest.
Recognizing that the retention of BD following exposure is both dose- and species-dependent,
OSHA appropriately employed estimates of retained BD dose specific to the B6C3F1 mouse
strain, in contrast to corresponding administered concentrations of BD in air, as the
independent variable in its "best” estimate analysis. Then, assuming that humans would
retain BD to the same extent as mice and would thus experience the same cancer risk as mice
at any given airborne BD concentration, OSHA estimated that 51 excess cancer deaths would
occur among every 10,000 workers exposed to 2 ppm of BD for a working lifetime (45
years).

In addition to this "best” estimate, OSHA generated three other risk estimates using
different data sets in an effort to portray the range of potential risks that might be posed by
BD exposure. Specifically, OSHA also analyzed the incidence of pooled tumors (excluding
lymphoma) in the same female B6C3F1 mice, and pooled tumors (both with and without the
inclusion of nonmalignant mammary fibroadenomas) in female Charles River CD rats as
observed in the Hazleton Laboratories bioassay (HLE 1981) sponsored by the International
Institute of Synthetic Rubber Producers. The crudely adjusted incidences of these endpoints
were fit with one- and two-stage versions of the multistage model, and both maximum
likelthood point estimates of risk and upper 95% confidence limits on estimated risk were
calculated. Estimates of the retained BD doses specific to either the mouse or rat species
were also employed in these alternative analyses, and the conversion to human cancer risks
was again predicated on the assumption that humans would experience equal BD retention,
and thus cancer risk, from equivalent exposure conditions.

We support OSHA in the exclusion of lymphomas from its risk calculations based upon
the mouse data, principally because of the questionable relevance of this endpoint to potential
human cancer risk. Given the strong evidence that MuLV expression is critically involved in
the production of bone marrow toxicity and leukemogenesis by BD in the B6C3F1 mouse,
inclusion of the lymphomas in OSHA's analyses would serve only to encumber additionally




its risk estimates with the enormous uncertainty regarding the relevance of this endpoint to
humans. |

For several reasons, we also recommend that the mammary fibroadenomas be excluded
from OSHA's analysis of pooled female rat tumors taken from the Hazleton Laboratories
study (HLE 1981). First, as previous commenters and OSHA have noted, mammary
fibroadenomas are not known to progress to malignancy. The relevance of this lesion to
human cancer.risk is thus highly questionable. Second, combination of these benign lesions
with malignant tumors Was not necessary 1o establish qualitatively the carcinogenicity of BD
in female rats. Thyroid follicular tumors were significantly elevated in the high dose group,
and significant dose-related trends were noted for this lesion and Zymbal gland carcinomas as
well. Third, the mammary fibroadenomas were very common among unexposed female rats
(40% incidence), and their incidence was even higher in the exposed groups (approximately
75% at 1000 ppm and 67% at 8000 ppm). In contrast, the malignant rat tumors considered
by OSHA were quite rare in control animals, and in combination achieved only about 5%
incidence in the 1000 ppm group and 18% incidence in the 8000 ppm group. Asa |
consequence, the risk estimates obtained from pooled tumors including the mammary
fibroadenomas are virtually identical to estimates that would be obtained from a separate
analysis of these benign lesions alone. Therefore, the risk estimates obtained from the
combination of significant malignant tumors and benign mammary fibroadenomas do not

* accurately reflect the far greater importance that the malignant lesions should play in the

determination of potential human cancer risks from BD exposure.

B. Choice of Study , -

While OSHA made use of data from the rat inhalation bioassay (HLE 1981) in defining
a range of potential human cancer risks, the Agency argued that numerous asserted limitations
and deficiencies in this study produced "greater uncertainty in risk estimates derived from the
rat data." We disagree, and believe that the concerns OSHA has expressed regarding the
HLE study are largely unfounded. A number of these concems have been addressed in detail
by previous commenters. We agree with their principal conclusion that the HLE study was
well-conducted: the randomization process by which individual animals were assigned to
treatment groups was not flawed; the histopathology was more than adequate; and the quality
control audits were sufficient to assure the validity of the study and the reliability of its
results. Furthermore, we are convinced that any discrepancies in tumor counts among

e At akanl
GUQMU .

4- ENVIRON



different analyses of the study can be readily resolved by undertaking a detailed examination
of the individual animal data contained in the HLE study final report. Thus, we believe that
OSHA has overstated the degree of uncertainty that can justifiably be associated with the
Hazleton Laboratories rat study (HLE 1981). 7

At the same ume, OSHA dismissed several important criticisms of the NTP study,
stating that it "does not believe that the deviations from the study protocol which occurred in
the first NTP bioassay invalidate the conclusions of the study.” However, the single most
important question regarding the suitability of the NTP mouse study for quantitative risk
assessment remains unanswered, namely, what role did the endogenous murine type C
leukemia virus (MuLV) play in modulating the amplitude of the carcinogenic responsés seen
in the B6C3F1 mice? Irons et al. (1987) demonstrated an approximately 4-fold difference in
lymphoma incidence between B6C3F1 mice (60%), which express MuLV, and NIH Swiss
mice (14%), which do not, following one year of exposure to 1250 ppm BD. Clearly, viral
expression modulates the incidence of this malignant lesion.

The presence of the endogenous MuLV virus and its activation by BD exposure could
also impact quantitatively on the incidence of other tumor types in exposed B6C3F1 mice.
Consequently, even though OSHA has excluded the iymphoma endpoint from its analyses and
based its "best” estimates of risk on the incidence of heart hemangiosarcomas among female
mice, there is still great uncertainty regarding the relevance of these estimates, especially in
quantitative terms, to the potential human cancer risks from BD exposure. We therefore
believe that highly credible risk estimates can be derived from the 1981 Hazleton
Laboratories rat study. Indeed, such estimates are likely to be much less uncertain than any
that could be obtained from the 1984 NTP mouse study, even if the known high to low dose
and interspecies differences in BD pharmacokinetics are taken appropriately into account.

C. Other Risk Estimates Considered by OSHA

OSHA also considered previous risk assessments that had been prepared by the EPA
Office of Toxic Substances (OTS), the EPA Carcinogenicity Assessment Group (CAG),
ICF/Clement, and ENVIRON. These assessments employed the same two carcinogenicity
studies as OSHA, but they utilized incidence rates of somewhat different tumor types in both
females and males of each rodent species. In addition, some of these assessments employed
dose-response models other than the conventional multistage model, and some employed the
airborne BD concentration directly as the exposure measure.

As OSHA noted, its "best” estimate of human cancer risk at 10 ppm BD is lower than
almost all of the other estimates derived from the NTP mouse bioassay. (The only exception
is the maximum likelihood estimate from OSHA's own 2-stage analysis of pooled female
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_3 mouse tumors, for which the coefficient of the linear term (g,) was driven to zero in the
fitting process.) OSHA has expressed concern that by relying upon the female mouse heart
hemangiosarcoma data for its “best” estimate of risk, it may be underestimating BD's
carcinogenic potential. However, as is amply demonstrated in the following sections, there is
a strong, scientific basis for concluding that al] of the existing BD cancer risk estimates,
including OSHA's "best” estimate, overpredict human cancer risk from BD exposures by a
substantial margin.
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III. NEW BD RETENTION DATA NOT USED BY OSHA

A. High to Low Daose Retention Differences

The 1984 NTP BD inhalation bioassay exposed mice to BD concentrations of 625 and
1250 ppm, while the 1981 HLE study exposed rats to BD concentrations of 1,000 and 8,000
ppm. It was thus necessary to extrapolate risks from these high exposure conditions to the
much lower BD levels of concern to OSHA. In performing these extrapolations, OSHA
made use of information regarding the retention of inhaled BD in rodents.

OSHA's calculations of internal BD dose in rodents are based on preliminary results
from the Lovelace Research Institute (NTP 1985) study of BD retention in B6C3F1 mice and
Sprague-Dawley rats. These data indicated that 52.8% of the inhaled BD had been retained 7
by mice at the end of 6 hour exposures to 7 ppm BD, with progressively smaller percentages
(9.3 and 4.4%) retained at higher airborne concentrations (80 and 1040 ppm). Similarly, rats
exposed for 6 hours to 70 ppm were reported to retain 6.9% of the inhaled BD, with )
progressively smaller percentages (2.1 and 1.4)%) retained at higher airborne concentrations
(950 and 6100 ppm).

OSHA employed power law regression equations developed with these data to estimate
retention percentages at other airborne BD concentrations. As OSHA has noted, their
equation for mice predicts that 100% retention is achieved at just over 2 ppm, and the
Agency assumed that 100% retention would also occur at all lower concentrations. In
comparison, OSHA’s equation for rats indicates that 100% retention would be achieved only
at concentrations below 1 ppm.

A final report of the Lovelace BD retention study has now been published in the peer-
reviewed literature (Bond et al. 1986), and the measured BD retention percentages reported
therein differ significantly from the earlier preliminary estimates employed by EPA, OSHA,
and others. A very large difference occurred at 7 ppm where the earlier estimate (52.8%) for
mice was reduced to 13% (0.4/3 x 100). OSHA should note that an error exists in the 1986
Bond et al. paper which results in this value being reported as 20% (James A. Bond, personal
communication). Furthermore, at just under 1 ppm (1.4 sg/l), the BD retention percentage
for mice was determined to be just 20%, in contrast to the 100% that OSHA's methodology
has predicted. '

Thus, on the basis of this new experimental data regarding retained BD dose in mice, it
can be seen that OSHA's "best” estimate has overstated internal dose of BD and the attendant

000210

\«,_,‘1:,.'::” (S ENVIRON




cancer risks at airborne BD concentrations near 2 ppm by an approximately s-fold factor.
Smaller but still significant errors in the percentage of BD retained at higher airborne
concentrations imply similar overestimates of risk there as well.

It is important to note that EPA has recognized the recent change in estimated BD
retention percentages and has revised the CAG upper bound estimate of BD potency
accordingly (Cote and Bayard 1990). Clearly, it is also appropriate for OSHA to take proper
account of the new information provided by Bond et al. (1986) in developing its maximum
likelihood point and upper bound estimates of risk based on both the mouse and rat data. To
accomplish this, OSHA must recalculate the coefficients of its power law regression equations
for mouse and rat retained doses with the correct BD retention data reported by Bond et al.
(1986).

B. Interspecies Retention Differences
In another very recent report, Dahl et al. (1990) have published additona! findings that
are highly relevant to the comparative doses of BD retained by rodents and primates.

_ Specifically, while OSHA has assumed that humans would retain BD doses equal to those -

retained by either identically exposed mice or rats, the Dahl et al. (1990) findings indicate
that this would not likely be the case. - o

B6C3F1 mice and Sprague-Dawley rats were identically exposed for 6 hours to 7.8 ppm
BD. Male monkeys (Macaca Fascicularis) were exposed for 2 hours to 10 ppm
BD. When Dahl et al. normalized the amount of retained BD to the different species body
masses and expressed retained BD on a per 10 ppm-hour basis, the measured BD retention
rates were determined to be 3.30, 0.46, and 0.52 pmol/kg in the mouse, rat, and monkey
respectively. Thus, if these species were identically exposed 1o the same airborne BD
concentration, they would pgs retain the same BD dose per unit body mass. Rather, the
mouse would fetain a BD dose that is approximately 7.2-fold higher than that retained by the
rat, and 6.3-fold higher than that received by the monkey. :

These findings indicate that rats and monkeys would be at significantly less risk of
developing cancer than mice if all were identically exposed to the same airborne BD
concentration because they would retain significantly less BD per kilogram of body mass than
do mice. Because the human species is far more closely related to the monkey than the
mouse, both anatomically and physiologically, it is reasonable to expect that humans would
also retain significantly less BD than would identically exposed mice. Indeed, were this the
only relevant information available regarding BD disposition in different species, it would
argue that the rat provides a better animal model than the mouse for evaluating human cancer
risk from BD exposure. If OSHA continues to rely on the mouse data for its "best” estimates
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of risk, it should therefore adjust those estimates downward by an approximately 6-fold factor
s0 as to properly account for the smaller retention of BD by primates relative to the mouse.

C. Combining High to Low Dose and Interspecies Retention Differences

As noted in section II1.A, OSHA has overestimated the amount of BD retained by mice
at low concentrations by an approximately 5-fold factor. To fully correct this error, OSHA
must recalculate the coefficients of its power law regression equation for retained dose in
mice with the corrected BD retention data reported by Bond et al. (1986). In addition, since
OSHA is concerned with human cancer risk, it is necessary to extrapolate low dose risk
estimates from mice or rats to humans, and in doing so, OSHA has assumed that humans
would experience the same retained BD dose as mice or rats if both were identically exposed
to BD. However, as noted in the previous section, the Dahl et al. (1990) study indicates that
monkeys retain about 6.3-fold less BD than mice if both are identically exposed to BD. It
follows that OSHA must also adjust its low dose estimates of human cancer risk based on the
mouse data by this 6.3-fold factor.

Thus, based on the beést data presently available regarding BD retention, the adjustments
for high to low dose and interspecies differences in retained BD must be multiplied together,
yielding estimated human cancer risks from BD exposure that are approximately 30-fold
lower than OSHA's current estimates. Moreover, as described in the next section, new data
- regarding interspecies differences in the metabolism of retained BD show that even further
reductions in OSHA's current estimates are scientifically appropriate.
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IV. NEW BD METABOLISM DATA NOT USED BY OSHA

The metabolism and pharmacokinetics of BD have been described in considerable detail
by previous commenters as well as in ENVIRON’s earlier risk assessment of BD (ENVIRON

© 1986). Here we shall only summarize certain critical facts relevant to the quantitation of

estimated human cancer risk from BD exposure.
Many important aspects of the metabolism of BD are well-estabhshed The first step,
namely, oxidation of BD to the monoeponde 1,2-epoxybutene-3 was first demonstrated with

~ hepatic microsomes over ten years ago by Malvoisin et al. (1979). Subsequently, these

)

investigators demonstrated further oxidation in vitro of 1-2-epoxybutene-3 to 1,2:3,4-
diepoxybutane, as wellas the epoxide hydrolase-mediated reduction of 1,2-epoxybutene-3 to
3-butene-1,2-diol, followed by second oxidation step yielding 3 4-epoxy-l 2-butane-diol.

The 1 2-epoxybutcne-3 intermediate is a'monofunctional alkylating agent, while 1,2:3,4-
diepoxybutane is bifunctional and is known to form DNA-DNA crosstinks. Both of these
metabolites of BD are DNA-reactive intermediates that also show mutagenic activity in
bacterial and other test systems, while BD per se does not. Thus, both may play critical roles
in the carcinogenicity of BD. It is therefore especially important to establish accurately the
quantitative relationships between airborne BD concentrations and corresponding internal
“delivered” doses of these BD metabolites for the relevant species.

An extensive series of studies by Bolt and colleagues (c.f., Laib et al. 1990) has
confirmed the production of 1,2-epoxybutene-3 following in vivo BD exposure, and further
established the saturable character, at least at very high airborne BD concentrations (> 1000
ppm) of the initial conversion of BD to this monoepoxide'in both rats and mice. These
investigators also determined that at lower airborne BD ¢oncentrations, where linear
pharmacokinetics prevail, mice metabolize BD to 1,2-epoxybutene-3 at about twice the rate as
do rats. In addition, they determined that the subsequent metabolism of 1,2-epoxybutene-3 is
saturable in mice at a far smaller rate (350 pmol/kg/hr) than in rats (> 2600 umol/kg/hr).
Taken together, these findings imply that internal concentrations of 1,2-epoxybutene-3 would
reach much higher levels in mice than in rats when both are identically exposed to airbomne
BD. In fact, Laib et al. (1990) have concluded that the limited 1,2-epoxybutene-3
detoxication capacity of mice relative to that of rats is a primary determinant of the higher
susceptibility of mice to BD-induced carcinogenesis. Knowledge of internal concentrations of
1,2-epoxybutene-3 is thus critical to the development of accurate estimates of the cancer risks
posed by BD exposure. |
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The study of Bond et al. (1986) and the more recent study by Dahl et al. (1990) have .
both developed significant new information regarding quantitative differences among species
in internal concentrations of several BD metabolites. The Dahl et al. (1990) study is of
particular interest, since it reports comparative measurements of blood levels of the mutagenic
1,2-epoxybutene-3 obtained not only in mice and rats, but aiso in monkeys, following
inhalation exposures to BD for 2 hours.

Specifically, BC3F1 mice were exposed to 7.8 and 78 ppm BD; Sprague-Dawley rats
were exposed to 78 ppm BD; and monkeys were exposed to 10 ppm BD. Dahl et al.
determined that monoepoxide levels in the blood of mice and rats identically exposed to 78
ppm BD were 26 and 5.2 pmol/ml/ppm respectively (blood epoxide levels were normalized
by airborne BD concentrations, i.e., expressed per ppm BD, so0 as to permit direct
comparisons even when the diffegcnt species were not identically exposed). Thus, at 78 ppm
BD, mice exhibited approximatety 5-fold higher 1,2-epoxybutene-3 levels in their blood than
did rats. Even more importantly, in the concentration range of interest to OSHA, mice
exposed to 7.8 ppm BD exhibited 77 pmol/ml/ppm of 1,2-epoxybutene-3 in their blood,

~while monkeys exposed to 10 ppm exhibited only 0.13 pmol/ml/ppm. In other words, mice
developed more than 590-fold higher biood concentrations of 1,2-epoxybutene-3 than did
monkeys. Thus, making the very reasonable assumption that humans metabolize BD in the
same manner as monkeys, the Dahl et al. (1990) results imply that humans shouid be
approximately 590-fold less sensitive to BD’s carcinogenicity than are mice.

A similar conclusion can be drawn from a comparison of the rat and monkey blood
epoxide levels observed by Dahl et al. Specifically, rats exposed to 78 ppm exhibited 5.2
pmol/mi/ppm biood epoxide, while monkeys similarly exposed to 10 ppm exhibited only 0.13
pmol/ml/ppm blood epoxide, as noted above. Again, provided that humans metabolize BD in
the same manner as monkeys, these data show that humans should be approximately 40-fold
less sensitive to BD’s carcinogenicity than are rats. '

When OSHA conducted its risk assessment for BD, the best data available regarding
internal doses of BD or its metabolites were the preliminary estimates of retained BD
percentages obtained from the Lovelace Institute study (NTP 1985). As was noted
previously, OSHA appropriately utilized this preliminary information in constructing all of its
estimates of cancer risk. The new data of Dahi et al. (1990) regarding internal 1,2-
epoxybutene-3 concentrations now provide a much superior alternative measure of "delivered”
dose even relative to the correct BD retention data. This highly reactive and mutagenic
epoxide metabolite is far more likely to be responsible for the carcinogenicity of BD than is
BD per se. It is therefore essential that OSHA employ these new pharmacokinetic data in
extrapolating its risk estimates from mice and rats to humans.
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_) A summary of the approximate impacts on risk estimates of using the different measures
~ of "delivered” BD dose discussed in this and preceding sections is provided in Table 1. At
2 ppm, we have utilized a 5-fold reduction (from 100% to 20%) in retained BD dose for
mice, but no change in retained BD dose for rats. Thus, the lower risks predicted from the
HLE rat study with the new BD retention data arise solely from rat-monkey differences in
BD retention. Note also that the exact risk estimates arising from use of the correct BD
retention data will depend in part on the specific regression equations utilized by OSHA in
predicting retained BD dose versus airborne BD concentration.

C N ,ee’-ﬂ-—d
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TABLE 1
Approximate Impact of Different Measures of "Delivered" Dose
on Maximum Likelihood (Upper Bound) Estimates of Cancer Deaths -
Per 10,000 Workers Exposed for a Working Lifetime to 2 ppm BD l
1
Data'Base Current OSHA Using Correct Using New .
Estimates Retention Data Metabolism Data
Pooled Female 183, 5.9 03t |
) Mouse Tumors® (230.) (7.4) (0.39).
) Female Mouse 51. 1.7 0.09
| Beart Tumors® 1) 2.3) 0.12)
Pooled Female 29. 40.° 0.73 1
Rat Tumors with Fibroadenomas® {33.) (4s.r (1.00)
Pooled Female _ 5. 8. 0.13
Rat Tumors without Febroadenomas® 5.7 9. (0.20)
| * Assuming a oge-hit model analysis.
* Assuming a two-stage model analysis.
¢ Assuming no change in retained BD dose for rats.
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V. COMPARISON OF PREDICTED AND OBSERVED HUMAN RISKS

As noted previously, OSHA has expressed concern that by relying upon the female
mouse heart hemangiosarcoma data for its "best" estimate of risk, it may be underestimating
BD’s carcinogenic potential. Indeed, it called attention to the fact
that its "best” risk estimate of 128/10,000 at 10 ppm BD is lower than almost all of the other
estimates derived from the NTP mouse bioassay. The alternative estimates larger than
OSHA’s are 1) the ICF one-hit analysis of pooled male mouse tumors, which predicted more
than 10,000 deaths per 10,000 exposed workers, 2) the ICF estimate of 3,435/10,000 based
on pooled female mouse tumors, 3) the OTS estimate of 821/10,000, again based on pooled
female mouse tumors, 4) the CAG estimate of 482/10,000, based on pooled male and female
mouse tmors, 5) the ENVIRON estimate of 456/10,000, based on pooled male mouse
tumors, and 6) the OTS estimate of 392/10,000, based on male mouse hemangiosarcomas. It
is instructive to examine whether the observed cancer mortality data for BD exposed workers
are consistent with these larger predicted risks. |

CAG (EPA 1985) described a consistency check for its "point” estimate of risk (defined
below), namely, 0.025/ppm lifetime continuous exposure using the Meinhardt et al. (1982)
and Matanoski et al. (1982) studies of worker mortality in the styrene-butadiene rubber
industry. Results from similar exercises have also been reported by ENVIRON (1986) and
Acquavella (1990). _

CAG combined its "point” estimate of BD potency with estimated exposure levels and
the sample sizes of different worker groups to generate predicted numbers of extra deaths
attributable to BD exposure under the hypothesis that the CAG “point” estimate of BD
potency was accurate. Fewer deaths were observed than were predicted in all but one of the
six groups that CAG analyzed (USEPA 1985). For example, in the Matanoski et al. (1982)
study, for the worker group whose jobs last held were in the production category, there were
significantly fewer observed deaths from lymphopoietic cancer than CAG’s "point” estimate
of BD potency predicted (11 deaths observed versus 20.6 predicted). Nevertheless, CAG
concluded that its "point” estimate was still not inconsistent with the observations if the
observed deficits in cancer deaths could be attributed instead to an underascertainment of
deaths in the Matanoski et al. study.

It must be noted here that CAG's "point” estimate was identified as a geometric mean of
the sex-specific point estimates that resulted from its analysis of the NTP mouse data.
However, the point estimate (denoted by q;) that CAG obtained from its analysis of the
female mouse data was actually zero (see p. 6-49 in EPA (1985)). The "point” estimate

060216

oy

i e SRR PPN ENVIRON




employed by CAG for its consistency check is actually the geometric mean of the q, for maie
mice and g,, the coefficient of the quadratic term in the multistage model, for female mice.
However, the coefficient g, does not even have the correct dimensional units to be a cancer
potency factor. Thus, CAG’s "point” estimate of cancer potency, i.e., the geometric mean of
q, and g, is a meaningless quantity. _ '

Nevertheless, the approach CAG took in evaluating the consistency of its risk estimates
with epidemiologic observations is useful in objectively assessing OSHA's concern that it may
have underestimated human cancer risk from BD exposure. If we assume, for example, that
the 3,269 workers in the production category of the Matanoski et al. (1982) study were
occupationally exposed to 10 ppm BD for 10 of 50 working years and followed for 18 of SO
remaining years of life, then the probability of observing 11 or fewer deaths from
. lymphopoietic cancer in this group can be readily determined for each of the specific
alternative estimates of risk noted above, as well as for OSHA's estimate of 128/10,000.
These probabilities are summarized in Table 2, and results from a similar caiculation for all
cancer deaths combined are presented in Table 3.

Tables 2 and 3 clearly demonstrate that all of the alternative estimates of cancer risk
larger than OSHA's are statistically inconsistent with the observed numbers of lymphopoietic
cancer deaths (11) and all cancer deaths (94) among workers in the production group of the
Matanoski et al. (1982) study. Even OSHA's risk estimate of 128/ 10,000 is large enough to
- be improbable: there is less than 1 chance in 4 (p ~ .24) that 11 or fewer lymphopoietic
cancer deaths would have arisen in this group if the risk associated with their BD exposure
were in fact 128/10,000. Similarly, there is less than 1 chance in 12 (p ~ .08) that 94 or
fewer cancer deaths of any type would have arisen in this group under the same assumptions.

In summary, epidemiologic observations indicate that OSHA has not significantly
underestimated human cancer risk from BD exposure. All of the higher alternative estimates
noted by OSHA are statistically inconsistent with actual observations. Furthermore, while the
epidemiologic data are not sufficiently powerful to reject predicted risks as small as OSHA's
"best” estimates, they are also consistent with the far smaller risks that would be predicted by
the BD retention and metabolism differences that are now known to exist between high and
low doses and between rodents and primates.
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. TABLE 2
Consistency Check of Alternative Estimates of BD Cancer Risk
Based on the 11 Lymphopoietic Cancer Deaths Observed Among
3,269 Production Workers (Matanoski et al. 1982)
Risk Predicted Extra Predicted Total Probability of 11
Assessment Deaths Per 10,000 Deaths Per 3,269 or Fewer Deaths
OSHA 128 13.6 .2388
OTS - 392 19.8 .0238
ENVIRON 456 21.3 .0129
CAG 482 219 .0099
Clement 3,435 91.4 < <.0001
TABLE 3
Consistency Check of Alternative Estimates of BD Cancer Risk
Based on the 94 Total Cancer Deaths Observed Among
3,269 Production Workers (Matanoski et al. 1982)
Risk Pmdic@ Extra Predicted Total Probability of 94
Assassment Deaths Per 10,000 Deaths Per 3,269 or Fewer Deaths
OSHA 128 108.6 .0808
OTS 392 114.8 0262
" ENVIRON 456 116.3 0192
CAG 482 116.9 0170
Clement 3,435 186.4 < < .0001 _
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I. EXECUTIVE SUMMARY

1,3-Butadiene (BD) has been tested in long-term inhalation studies in
Sprague-Dawley rats and B6C3Fl mice. In comparison with the rat study,
significantly reduced survival occurred in the mouse study at lower
concentrations of BD, and the malignant tumor incidence, considered the cause
of most deaths, was increased. There were also significant increases in
non-neoplastic lesions in tissues that rapidly grow or proliferate. Because
the results of these two studies stronglylpuggestéd that B6C3Fl mice were more
susceptible than Sprague-Dawley rats to the effects of BD, lower concentra-
tions were tested. Preliminary, unaudited resuits of the second B6C3IFl mouse
carcinogenicity study indicate that the lowest BD concentration tested,
6.25 ppm, caused ovarian atrophy and othé: effects. In view of the health
requirements of the mouse for ovarian maintenance, and the age of the mice
when these observations were present, the relevance of this observation in
sick animnls is questionable, at best. It is concluded that the |
pharmacokinetic differences in the uptake, metabolism and excretiocn of BD in
man and mouse, in combination with the functional differeﬁces‘in the ovary of
these two species, indicate that the ovarian atrophy observations in the mouse

are not relevant to assessment of human reproductive risk.

Other studies in mice that were also considered by OSHA to be indicative
of reproductive hazard for humans identified developmcntil toxicity at 40 ppm
and reduced testicular weights, testicular atrophy. increased incidences of
abnormal sperm heads, and a teversible increase in resorption (dominant lethal
study) at 200 ppm. It is conclﬁded that these studies in mice are also
inappropriate for use in identifying NOELS for BD, because of the metabolic
and functional differences between humans and mice. In addition, the .results
of some of these studies indicate that higher NOELS should be identified (the
developmental toxicity NOEL should be 40 ppm: the sperm head morphology and
dominant lethal studies should have rep:odudiive effects NOELS of 5000 ppm).
OSHA's identification of a safety factor of 100 for these mouse data is
considered to be inappropriate, because of the special sengitivity of the

mouse to BD.
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It is my conclusion that BD is not a reproductive or develdpmental
hazard to humans at permitted exposure levels of an 8-hour TWA of 2 ppm. This
conclusion is supported when information available from other studies of BD in
rats, guinea pigs, rabbits and dogs is considered. It is my opinion that
OSHA's preliminary document describing a proposed rule by the U.S. Department
of Labor, Occupational Safety and Health Administration (1990) did not give

appropriate weight to these other studies.

Review of the rat and mouse developmental (embryo-fetal toxicity/
teratogenicity) toxicity studies demonstrates that the mouse was more
susceptible to effects of BD than the rat. The maternal and developmental
NOELS for the rat were identified as 200 and 1000 ppm BD, respectively,. and
the maternal and developmental NOELS for BD in the mouse were 40 ppm. In
dominant lethal and sperm head morphology studies in male mice, transient,
minimal increases in resorption that did not affect live litter sizes were
reported at 1000 and 5000 ppm BD, and these concentrations of BD were also
reported to affect the more mature stages of spermatogenesis in male mice.
It should be noted that the interpretation of thesé data is questionable,
and that concentrations of BD as high as 5000 ppm did not affect mating or

fertility, even in this sensitive species.

In a series of carcinogenicity studies of BD, concentrations of 200 and
625 ppm reduced absolute and relative testicular weights in B6C3F1 mice, after
40 and 65 weeks of exposure, and increased testicular atrophy at 200, 625 and
1250 ppm in this species and strain. 1In Sprague-Dawley rats, neither ovarian
nor testicular atrophy was produced by exposure ﬁo concentrations of BD as
high as 8000 ppm for 105 (females) or 111 (males) weeks. Exposure of
cohabited rats, guinea pigs and rabbits to BD at concentrations as high as
6700 ppm for a period of eight months did not impair fertility or cause
testicular or ovarisn atrophy in these three species, and“fenale dogs
similarly exposed to concentrations of BD as high as 6700 ppm did not

demonstrate ovarian atrophy.
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II. QUALIFICATIONS

1 am Mildred S. Christian, Ph.D., ATS. My doctoral degree was obtained
from Thomas Jefferson University in the field of anatomy {developmental
toxicology/teratology), and I am a Diplomate of the Academy of Toxicological
Sciences. Since 1967, I have worked in the f;eld of developmental/
reproductive toxzcology. designing, conducting and evaluating the results of
safety evaluations in "laboratory animals. These tests were performed in order
to identify the potential of drugs and other chemicals to cause adverse
effects on the development of embryos or the reproductive performance of adult
animals. I have actively contributed‘to the scientific development of these
specialty areas of research. I have served on committees of the U.S. Food and
Drug Administration, the U.S. Environmental Protection Agency and the
Organization for Economic Cooperation and Development, whose purpose was to
develop appropriate methods for: 1) conducting and antlyz;ng these types of
animal tests; and 2) identifying how the results of animal studies should be
used in human risk assessment. I am currently the President and Executive
Director of Research at Argus Research Laboratories, Inc., the largest
international, independent consulting‘laboratory dedicated to performing and
evaluating these types of animal tests. In this capacity, I currently
annually supervise and evaiuate approximately 250 of these studies. I have
served as the President of the Teratology Society, and am currently the
President of the Internntional Federation of Teratology Societies Scientific
Program and the President-Elect of the American College of Toxicology. I am a
charter member of the Society for Risk Assessment. I hnvo multiple
publications and have written over 600 "teratology® and reproductive
toxicology studies for private industry or regulatory bodies of the United
States government. I am an editor of a major textbook used for risk
assessment in developmental and reproductive toxicology, and since 1982, 1
have been the Editor-in-Chief of the "Journmal of the American College of
Toxicology". I have participated or chaired multiple courses in
reproductive/developmental toxicology conducted at universities, private

corporations, and meetings of professional societies and United States and

. interqationnl-regulatory groups.
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III. REPRODUCTIVE EFFECTS - My interpretation of the reports contrasted
with OSHA's

A. Ovarian and Testicular Atrophy - rat vs. mouse

1. Lifetime Studies

Three lifetime étudies, one in rats and two in mice, have been conducted
to evaluate the carcinogenic potential of BD. Rats exposed to BD at
concentrations as high as 8000 ppm did not have increases in mortality or
ovarian or testicular atrophy after exposure for 105 or 110 weeks. Mice
éxposed for 60 to 61 weeks to 625 ppm or 1250 ppm concentrations of BD had.
significantly reduced lifespan, as the result of tumors at multiple sites,
ovarian and testicular atrophy, and lesions in other rapidly proliferating
tissues. In a subsequent chronic study in mice, ovarian atrophy was
preliminarily reported at levels as ibw as 6.25 ppm. These studies are

described below. It is concluded that the evidence of ovarian atrophy in mice

is not relevant to human risk assessment and does not provide evidence of a

human reproductive hazard at the proposed standard of 2 ppm.

a. Hazleton, Europe, 198la - rat

A carcinogenicity study in which ovarian and testicular atrophy was
assessed was conducted in rats at Hazleton, Europe (198la). Groups of 110
male and 110 female Sprague-Dawley rats were exposed to 0, 1000 or 8000 ppm
BD, 6 hours per day, 5 days per week for 105 weeks {female) or 111 weeks
(male). Ovarian atrophy in rats occurred as follows: 0-4.3I and 8000
ppm-4.21; testicular atrophy occurred in rats as follows: 0-31.0% and 8000
ppm-19.37 These results are consistent with the results of the study by
Carpenter et al. (1944), described in section IV. In that study, rats were
exposed to BD levels up to 6700 ppm over a period of eight months (7.5 hours
per day, 6 day§ per week, for a maximum of 202 exposures). No testicular or

ovarian pathology was seen in the sections examined histologically.

The rat studies do not provide any indication that BD presents a

reproductive hazard for humans at any exposure level tested.
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b. National Toxicology Program (NTP), 1982, 1984,
Battelle - mouse

The first NTP study at Battelle (1982, 1984) exposed 50 male and 50
female B6C3FL mice, 6 hours per day, 5 days per week to 0, 625 and 1250 ppm -
BD. The study was originally designed to run for 104 weeks but was terminated
at week 60 for the males and week 61 for the females because survival in
exposed groups was reduced (male: 0-98%, 625 ppm-22I, 1250 ppm-142; female:
0-922, 625 ppm-30I; 1250 ppm-60X). In this mouse study the incidences of
ovarian atrophy were 0-4.1Z, 625 ppm-88.92 and 1250 ppm-83.31, and those for
testicular atrophy were 0-0%, 625 ppm-40.4% and 1250 ppm-22.97.

c. National Toxicology Program (NTE). _g§93, Battelle, =
mouse (prelimina data

A

A second carcinogenicity study in mice in which ovarian and testicular
atrophy was assessed was conducted at Battelle (1989) exposing 50 male and 50
female B6C3F1 mice, 6 hours per day, 5 days per week to 0, 6.25, 20, 62.5, 200
and 625 ppm BD. Preliminary, unaudited results of the mouse study have been
reported. The study was scheduled for 103 weeks with 5 mice per sex per group
killed at 40 and 65 weeks, in order to follow the progressions of the lesioms.

An inﬁependent review of the pathology data (Keller, D.A., 1990)
identified that ovarian atrophy was interrelated with the age of the mice at
sacrifice. Ovarian atrophy did not occur for any of the ten mice in each
group -that was sacrificed after 40 weeks (nine months) of exposure to BD at
concentrations as high as 62.5 ppm. After 65 weeks of exposure to BD, none of
the ten mice sacrificed in the control or 6.25 ppm groups had ovarian atrophy
jdentified. 1In the 20 and 62.5 ppm groups, 1 of 10 and 9 of 10 m;ce.
respectively, were noted to have ovarian atrophy at the 65-week sacrifice;
this observation also occurred for & of 6 mice in the 62.5 ppm group that were
found dead between the 40- and 65-week sacrifice periods. This pattern of
effect is expected, based on the normal time reproductive senescence occurs in
mice (12 to 15 months of age)., with cycle changes occcurring as early as eight
months of age (Nelson and Felicio, 1990). The majority of the cbservations of

ovarisn atrophy occurred after the mice had been exposed to BD for more than
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15 months; all incidences of ovarian atrophy that occurred in the control'and .
6.25 ppm groups, and all excépt one event in the 20 ppm group occurred after

this prolonged exposure period and the expected end of reproductive life in

the mouse. In the 0, 6.25, 20 and 62.5 ppm groups, ovarian atrophy was

identified for totals of 6 of 55, 19 of 55, 32 of 48 and 33 of 45 mice that

died or were sacrificed in extremis after 15 months of exposure to BD or were

sacrificed after 24 months of exposure to BD.

Significant reductions in absclute qu relative testicular weights
occurred at the 200 and 625 ppm concentrations of BD. A reduction in absolute
- testis weight that occurred for the 62.5 ppm group at 40 weeks is considered
unrelated to BD because: 1) the absclute testis weight was not reduced for
this group following exposure for 65 weeks; 2) the values at 40 weeks were not
dose-dependént; and 3) the testis weight relative to body weight values were
unaffected for this group at both 40 and 65 weeks. Histopathologically,
testicular atrophy in mice occurs at levels ranging from 625 ppm to 1250 ppm.

2. Considerationg Relevant to Ovarian Atrophy in the Mouse

a. Preliminary reports of Unaudited Data

OSHA should exercise caution in relying on preliminary reports of
ovarian atrophy at 6.25 ppm in the B6C3F1 mouse. These preliminary reports
are.based on unaudited data. The nature or severity of the effects have not
been described in the preliminary reports. Although this change was
reportedly evaluated using a grﬁding system of minimal, slight, moderate and
marked, no criteria were provided to define these subjective terms. It should
also be noted that marked atrophy was never reported for mice exposed for 13

or more months to concentrations of BD as high as 62.5 ppm.

As described above, examination of the raw data reveals that atrophy was
not seen at 6.25 or 20 ppm until after completion of the reproductive life of
" the animals. This important fact was not included in preliminary reports.

These findings indicate that the ovary was not a uniquely sensitive tissue

during the expected reproductive life of the exposed mice, and that

concentrations of BD that affect rapidly growing tissues did not cause ovarian

atrophy at the 6.25 and 20 ppm concentrations until after the expected,
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age-related atrophy of the ovary was initiated. Although the incidence of\
ovarian atrophy was increased at the 62.5 ppm concentration after 15 months of
exposure, a time some level of ovarian atresia is expected, the onset of
normal atrophy was not abnormally accelersted, based on the absence of this
finding at this exposure level in mice exposed for nine months, even in this
then proliferating tissue in this uniquely sensitiveAspecies. OSHA should
review the final report of the audited data before reaching any concluéions'
concerning the significance or relevance of these data. Additional comments,
beyond what is provided below, could be brovided once a final report is
available for review, and in response to OSHA's analysis of thé complete,

final data set.

b. Relevance of Ovarian Atrophy Seen After the End of the

Regrddqctive Life of the Mouse

As described, ovarian atrophy was not seen at 40 or 65 weeks for mice in
the 6.25 and 20 ppm groups; this change occutted'in these groups only in mice
that were found dead or sacrificed after 65 weeks of exposure or at the
terﬁinal sacrifice at 24 months (although 1 of 10 mice in the 20 ppm group had
ovarian atrophy noted at 65 weeks, this incidence should not be considered an
effect level because it is within the expected range for mice of this age).
The reproductive life of the mouse normally ends at approximately 12 to 15
months (Nelson and Felicio, 1990).

As occurs in humans, ovulation in the mouse is directly correlated with
age, although it can also be suppressed by many other factors including
malnutrition, acute illnesses, and diseases affecting the hypothalamus, the
pituitary and the thyroid. However, the major cause of cessation of
reproductive activity is the depletion of the oocytes in the ovaries, a
process which begins at birth in all mammals. Mitoéis 1s_gompleted in utero,

and even within the same inbred strain, mice show extensive individual
differences in initial oocyte stocks and in the numbers of cocytes remaining
at the approach to acyclicity (Gosden, et al., 1983). Age-related ovarian

depletion has been demonstrated to occur in rodents (Nelson, et al., 1982).

0SHA should not regard the finding of ovarian atrophy at the 6.25 and

20 ppm concentrations of BD only after the end of the mouse's reproductive
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life as evidence of a "reproductive® effect. The 20 ppm concentration should .
be considered a NOEL for ovarian atrophy. In addition, for reasons discussed

below, the unique sensitivity of the B6C3F1 mouse to BD toxicity makes the

evidence of ovarian atrophy in the B6C3F1 mouse irrelevant to human risk

assessment.

c. Severity of Ovarian Atrophy

OSHA expresses concern that ovarian atroph&l if sufficiently extensive,
would cause a failure of implantation or early death of the fetus. 35 Fed.
Reg. 32772. In humans, clinical problems reflecting ovarian atresia typically
arise only when major functional changes are noted, as might be induced with
antineoplastic agents, exposure to synthetic hormones or hereditary
disfunction. As described previcusly, ovarian atrophy after completion of the
expected reproductive life would not result in a failure to conceive or death
of the-fetus. Therefore, BD concentrations of 6.25 and 20 ppm should not be
considefed to be reproductive hazards. In addition, the preliminary data do

not indicate marked atrophy at concentrations as high as 62.5 ppm (only
minimal to moderate levels of ovarian atrophy were reported for exposures of
15 to 24 months), although in the absence of defined criteria, the actual

severity of these changes and their biological significance is unknown.

d. Health Status of Animals

The presence of ovarian atrophy in dying animals or animals with tumors
should not be identified as an unusual observation. Non-neoplastic changes
identified in female mice at the 6.25 ppm concentration and higher included
bone marrow hyperplasia, extramedullary hematopoiesis in the liver, etc.,
thymic necrosis (atrophy), cardiac endothelial hyperplasia, alveolar
epithelial hyperplasia, forestomach epithelial hyperpolasia, ovarian atrophy.
and ovarian granulosa cell hyperplasia. No additional non-neoplastic lesions
were associated with the 20 ppm concentration of BD. At higher concentra-
tions, additional non-neoplastic lesions included forestomach ulcers and.

ovarian angiectasis (62.5 ppm and higher), uterine atrophy (200 and 625 ppm)}
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and myocardial mineralization (625 ppm). As previously described, the ovary
is sensitive to the general health and nutritiﬁn,of the animals, and just as
- other rapidly proliferating tissues were affected by BD-exposure in the mouse,
the rapidly proliferating ovarian and testicular tissues were, and should be
expected to be, sensitive to the toxic effects of BD. However, the relevance
of the sensitivity of the mouse ovary to human risk becomes ﬁueStionable.
because estrous cycling occurs at four- to five-day intervals in a rodent, in
comparison with the approximately 28-day qvarian cycle that occurs for human

females, and the mouse is uniquely sensitive to BD.

It also cannot be forgotten that these mice were not healthy, and that

“although these effects of BD on rapidly proliferating tissues, as well as
production of tumors, did not necessarily occur in the same animals, ovarian
atrophy was only one of many effects of BD in the mouse. As the onset and
duration of reproductive life are closely correlated with the lifespan of most
.mammals, the dose-dependent incidences of effects on proliferating tissues and

t) reduced lifespan of mice exposed to BD would be'expected to result in ovarian
atresia in response to altered health status, in addition to the'age-related
ovarian depletion (Nelson, et al., 1982) in the numbers of oocytes that occurs
in rodents.

An additional factor contributing to the overall health status of the
mouse is the interaction of the toxic effects of BD and thé nutritional status
and stress of the study procedures. In the NTP chronic studies, the mice were
feed deprived during exposure, but not water deprived. The mouse is uniquely
sensitive to water and diet deprivation, and it has long been recogni;edlthat
physiological changes and an increased response to toxicants are caused in
mice by feed and water deprivation for five or more hours. Even when
compensatory feed and water consumption occurs, the effects of transient
pertubations of the physiological state of the mouse are unknown, and it is
also unknown whether the preexisting status is regained. These . factors have
hiétorically made the mouse model of questionable relevance in prolonged
inhalation studies because the mice must experience the stress of daily feed

;) and water deprivation for many months or be exposed orally to the test
substance as the result of ingestion of contaminated water and diet. It is

well documented that water or feed deprivation can increase the incidences of
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congenital malformations in many mouse strains, although the dam apparently
recovers, and that the mouse ovary has been shown to be particularly sensitive
to nutritional deprivation. For example, the onset of puberty in the mouse
can be delayed by lowering caloric intake; when caloric intake is restored,
previously deprived females are reproductively competent and can reproduce

when their littermate controls are infertile or dead (Visscher, et al., 1952).

Based on studies by Mattison (1979), it appears that inbred mouse
strains are more sensitive than rats to the effects of polycyclic aromatic
hydrocarbons on oocyte and follicle destruction (Christian, et al., 1983).

The C57BL/6J mouse is the strain most commonly used to study the relative
contributions of age-associpted changes in neuroendocrine and ovarian function
as well as chronic exposure to ovarian hormones and their effect on changes
and ultimately, cessation of ovarian cyclicity. As identified by Nelson and
Felicio (1990), in this strain, cyclicity changes from a four-day to a
five-day cycle length ﬁt approximately eight months of age, with the cycle

then becoming progressively longer, and cycling generally stopping when the

mice are 12 to 15 months of age. These ages do not remarkably differ from the
12-month period during which exposure to BD occurred in the first lifetime
study in mice, indicating related ovarian atrophy should be expected, as

previously described.

e, Unique Sensitivity of the B6C3F1 Mouse to BD

Mice are more sensitive to some toxicants than are other sﬁecies. and
there are many strain differences in susceptibility. This attribute of the
mouse has frequently provided a tool for studying biochemically-mediated
effects. For example, genetic differenceh in metabolism of some drugs can be
studied using inbred mouse strains, with highly inducible levels of a
drug-metabolizing enzyme activity (aryl hydrocarbom hydroxylase) reflecting a
Mendelian dominant trait. over low inducible levels. Fraser (1965) performed
elegant studies demonstrating multiple genetically-mediated differences in the
response of the vafious strains of mice to toxicants. Although most of this

research was performed in order to demonstrate differences in the response of

genetically different embryos, it also demonstrated the great variability in

the genetically-mediated strain-specific response of the adult mouse.
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_:) Based on the previously described chronic studies, it is clear that -
there are remarkable differences between the Sprague-Dawley rat and the B6C3F1
mouse strains in their response to BD. As described in the discussion of
developmental effects (Section vy, sxgnlfzcant species differences in
response to BD also have been demonstrated between the Swiss CD-1 mouse and
Sprague-Dawley rat in znhalatxon developmental toxicology studxes In the
Sprague-Dawley rat, the maternal NOEL for BD is 200 ppm, and the developmental
NOEL is 1000 ppm. In contrast, in the CD-1 mouse, the maternal and
developmental NOELS for BD are 40 ppm. In‘pomparison to the rat strain
tested, the increased sensitivity of these mouse strains to the effects of BD,
as demonstrated in developmental toxicity testing and assessment of ovarian
and testicular atrophy, appegrs to be related to quantitative and qualitative

differences in uptake, metabolism and excretion of BD.

Pharmacokinetic studies have demonstrated that remarkable-differences

] exist in these measures among man, primate. rat and mouse. These data are

:) presented in statements by Drs. Bird and Bolt. BD is metabolized to the
epoxide, 1,2-epoxy-3-butene (cytochrome P-450 in microsomal preparations in
the presence of a NADPH-regenerating system). The epoxide intermediate can be
further metabolized either by epoxide hydrolase and/or monoxygenase to
3, 4-epoxy-1,2-butanediol (via 3.putene-1,2-diol) and to diepoxybutane, or by
conjugation with glutathione by glutathione-S- -transferases. As occurs for
many chemicals, activation to the epoxide appears to be necessary for
carcinogenicity., and the more rapid uptake and slower excretion of the epoxide
in the mouse, in comparison with other species, is believed to be the
mechanism by which ED is tumorogenic. Species differences in the rate of
formation of 1,3-epoxy-3-butene from BD in liver microsomes exist, with the
mouse > rat > man > monkey, and the ratio between mouse and monkey

approximately 7:1 (Schmidt and Loeser, 1983).

Data also exist in other systems demonstrating that the epoxides are
genotoxic and cytotoxic in mouse but not in rat (de Meester, 1988). As
described by Arce. et al., (1990), sister chromatid exchange (SCE) and

,) micronucleus induction results indicated that BD was genotoxic in the bone

marrow of the mouse but not the rat, paralleling the results of the chron;c
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bicassays. BD did not induce unscheduled DNA synthesis (UDS) in mouse or rat
hepatocytes following in vivo exposure nor in vitro in rat and mouse
hepatocytes induced by EB or DEB. Gene mutation (Ames) tests of BD in rat,
mouse and human liver S9 metabolic systems indicate that BD was genotoxic in

vivo but only weakly, if at all, genotoxic in vitro.

As previously described, the epoxides of BD are the toxicants identified
as responsible for the effects of BD on rapidly proliferating cells, including
the ovarian atresia (oocyte destruction), the reduced proliferation of other
tissues, and the tumors that occur in multiple tissues. The mouse is uniquely
sensitive to BD because of the pharmacokinetic profile of this chemical in
this species, in comparison with that identified in other species, including
man. As described in the following section, two chemicals that are
structurally-related to BD also demonstrate species-specific responses that

reflect their pharmacokinetic profiles and formation of epoxides.

f. Effects of Structurally-Related Chemicals

Although pharmacokinetic data for BD in Fischer-344 rats are
unavailable, it appears that this rat strain has a reduced response to two
structurally-related chemicals, in comparison with the B6C3F1 mouse, and that
for both of these chemicals ococyte destruction by epoxides of the chemical is
the cause of.the ovarian carcinogenicity and atrophy in the mouse, with the

mouse producing remarkably higher levels of the epoxides than the rat.

1) 4-Vinylcyclohexene

In & study of 4-vinylcyclohexene (VCH), VCH induced ovarian tumors in
B6C3F1 mice but not in Fischer-344 rats (Sipes, et al., 1989). The production
of the ovarian tumors appears related to destruction of oocytes by the
epoxides of VCH. VCH-1,2-epoxide is formed in vivo in mice and is the

apparent cause of the ovotoxicity and ovarian carcinogenicity.

2) 4-Vinyl-1-Cyclohexene Diepoxide

VCH is a structural analog and starting material for production of

4-vinyl-l-cyclohexene diepoxide (VCHD). In a study of VCHD in Fischer-344
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rats and B6C3F1 mice (Chhabra, et al., 1990 and National Toxicology Program,
1989b), tﬁe mouse was again remarkably more sensitive to the carcinogenic
effects of this chemical, and ovarian follicular atrophy and tubular
hjperplasia occurred in mice but not in rats, as also did benign or malignant
granulosa cell tumors and benign mixed tumors‘in the ovary. Again,
differences in the levels of epoxides present in the various tissues were the

apparent cause of the differences in the responses of the two species.

g. Appropriate Safety Factors for Mouse Data

For the reasons presented in the preceding pages, the evidence of
ovarian atrophy in the mouse is not relevant for human risk assessment. The
data that support this conclusion also demonstrate that if any mouse data are
used for. an assessment of developmental or reproductive hazards, a safety

factor‘of 100 would not be appropriate.

OSHA's safety factor of 100 includes a factor of 10 based on the
assumption that the mouse metabolism causes the critical organs in the mouse
to receive a smaller dose-of the toxicant, compared to larger animals,
including humans. For BD, the available data, presented in other testimony,
indicates the opposite is true -- the mouse receives a larger internal dose of
BD epoxides, by more than a factor of 10 (based on a comparison with
primates). This indicates that the safety factor of 10 based on metabolism is
not necessary. Based on the mouse's demonstrated unique sensitivity to BD,

there does not appear to be a need for any safety factor.

B. National Toxicology Program Sperm Studies

These studies of potential effects of BD on reproduction emphasize
evaluation of sperm in mice, through dominant lethal and sperm-head morphclogy
studies. OSHA identifies 200 ppm as a NOEL for morphologically abnormal sperm
heads and a LOEL for dominant lethal effects. These values are based on
effects that should be disregarded either because they are not dose-related or
because they are not biologically important. The correct NOEL for each study

is 5000 ppm.
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1. Sperm-head Morphology, Battelle, 1988a - mouse

In the Sperm-head Morphology Study, (Battelle, 1988a) B6C3Fl mice, 20
per group, were exposed to BD for 6 hours per day for 5 consecutive days at
concentrations of 0, 200, 1000 or 5000 ppm. During the fifth postexposure
week the males were killed, examined for gross lesions of the reproductive
tract, and their sperm examined. Increased incidences of altered sperm-head
morphology were reporied for the 1000 and 5000 ppm groups. The relevancy of
these observations is questionable because the statistical methods used to
identify changes appear to be mathematically biased as the result of the
relative sizes of the means and procedures (500 sperm heads from each mouse
.ﬁere categorized as normal or abnormal). The mean percentage of normal sperm
heads per total examined was 98.40, 98.08, 97.23* and 96.34* for the 0, 200,
1000 and S000 ppm groups, respectively. Changes of less than 107 in animal
parameters are generally considered not biologically important. These values
were 99.7, 98.8 and 97.9 percent of éhe control group value for the 200, 1000
and 5000 ppm groups, respectively, and these 1 to 2 percent reductions in
normal sperm heads are probably biclogically meaningless. As noted by the
authors, there were no significant differences among the classes of sperm-head
abnormalities (mean number of type of abnormal sperm head per total abnormal

sperm heads).

Thus, these small changes in sperm-head morphology associated with
changes in late spermatogonia or early primary spermatocytes are considered to
be of minimal biological importance. It should also be noted that these
morphological abnormalities do not necessarily correlate with developmental

abnormalities or reduced fertility and are reversible in nature.

2. Dominant Lethai, Battelle, 1988b - mouse

The dominant lethal study was conducted by Battelle (1988b) in CD-1 male

mice under the same conditions as those described above for the sperm-head

* Significantly different from the control group value (P<0.05).
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morphology study (i.e., 20 males per group were exposed to 0, 200, 1000 and
5000 ppm concentrations of BD for 6 hours per day on 5 consecutive days)..
Following exposure, the mice were mated for 8 consecutive weeks (two female
mice were mated with each male mouse per week). The female mice were
sacrificed 12 days after the last day of cohabitation, and the uterine

contents examined.

Although the authors report slight effects during the first two weeks
postexposure; evaluation of the data demonstrates that these statistically
significant observations were neither dose-dependent nor biologically
important (live litter sizes were unaffected). In week 1 postexposure, there
were 37, 40, 38 and 37 pregnant females in the 0, 200, 1000 and 5000 ppm
groups, respectively. As compared with control group values, dead
implantations per total implantations per litter averaged 6.87, 10.31, 12.27*
and 7.81 percent in these same respective groups; the percentage of females
with more than one resorption was 56.8, 67.5, 73.7 and 54.1, and with more
than two resorptions, 13.5, 38.5%, 42.1* and 37.1*. Implantations per litter
averaged 11.49, 11.45, ll.hs‘and 12.08, of which 10.70, 10.25, 10.03 and 11.14

were live.

During week 2 po#texpoaure. there were 35, 39, 36 and 38 pregnant
females in the four respective groups. The average number of implantations
was significantly reduced for the 5000 ppm group, as compared to the 1000 ppm
group value. This significant difference was unrelated to BD because the
value (11.45 implants per litter) is well within the expected range for this
strain. (there were averages pf 10.79 to 12.74 implants per control group
litter during the eight weeks of mating), and the values were not
dose-dependent (in the 0, 200, 1000 and S000 ppm groups, implantations in week
2 postexposure averaged 11.89, 11.87, 12.78 and 11.45, respectively).
Differences in resorptions were also not dose-dependent (there were averages
of 0.80, 1.36%, 1.36% and 0.90 resorptions per litter in these same groups).
At week 4 postexposure, the percentage of dead implantations in the control
group was significantly higher than that in the 5000 ppm group, an observation

that is not uncommon in a study of this -size., but one that is not generally

* Significantly different from the control group value (P<0.05).
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interpreted as a protective effect of an agent. In the four respective - .
groups, the percentage of dead implantations averaged 8.18, 5.09, 5.73 and

4.04% per litter.

* Significantly different from the control group value (P<0.03).
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Iv. DEVELOPMENTAL TOXICITY - My interpretation of the reports contrasted

‘with OSHA'S
A. Carpenter, 1944 - rat

Four developmental toxicity studies have been performed with
1.3-Butadxene (BD). The first of these was reported by Carpenter, et al
(1944) in a study in which rats (12 per sex per group), guinea pigs (6 per sex
per group), rabbits (2 per sex per groupi and dogs (1 female per group) were
exposed to 0, 600, 2300 or 670C ppm ED in air for a maximum of 202 exposures
over a périod of eight months (7-1/2 hours per day, 6 days per week). It is
unclear from the data provided when mating occurred; male and female rats, _
guinea pigs agd rabbits may have been continuously cohabitated throughout the

study.

Although the information provided is limited, and these studies were
conducted prior to either the development of, or requirement for, many
regulatory guidelines, they were conducted in conformance with expected
requirements for the time. These studies are of value because they
demonstrate that prolonged exposure to BD at 600, 2300 or 6700 ppm
concentrations did not affect the reproductive performance of :ats. guinea
pigs or rabbits, the three species mated. Toxic levels of BD were g;ven.
based on reduced body weight gains of rats and guinea pigs (there were
insufficient numbers of rabbits and dogs to evaluate effects on body wexght)
At the end of the exposures, rats were reported to have weights that were
90.5, 86.3 and 81.2 percent of the control group value at 600, 2300 and 6700
ppm BD, respectively. Data were not provided for the other species. Livers
of the 6700 ppm group of rats had 1ight cloudy swelling. No other effects of
BD were reported (liver and kidney weights and hematology, blood chemistry and

urinalysis parameters were reported as unaffected).

The authors reported that the litter frequency (fecundity) in the rat
was reduced (there were 3.3, 2.7, 2.5 and 2.6 litters produced by the 0, 600,
2300 and 6700 ppm groups, respectively). However, these numbers do not

jndicate an effect of BD because: 1) the values do not decrease in a
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dose-dependent manner, despite a wide range of exposure levels; and 2) average
litter size, another measure of fertility, is not affected. The litter sizes
reported were 8.4, 7.9 and 7.8 pups per litter for the 600, 2300 and 6700 ppm
groups, with the 600 ppm group reported to be larger than the control group,

- and the mid and high exposure groups equivalent to the control group. All
litters were larger than the expected historical value (6.0 phps per litter).
These results stand in sharp contrast to OSHA's conclusion that the 2300 and
6700 ppm concentrations produced "maternal toxicity in rats consisting of
decreased litter size", 55 Fed Reg. 32753. It is also noteworthy that no
testicular or ovarian patholeogy was seen in the sections examined

histologically.

B. Hazleton, Europe (IISRP), 1981b - rat

The second developmental toxicity study was conducted by Hazleton
Laboratories, Europe‘(1981b). sponsored by IISRP. Sprague-Dawley rats were
exposed to 0, 200, 1000 or 8000 ppm BD in air for 6 hours a day on days 6 to

15 of gestation (24 rats per group). Negative (40 rats) and positive (26
rats} controls were used appropriately. The methods used followed present
guidelines and are sufficient to assess the developmental toxicity of ED.
Although this study was not used by OSHA for risk assessment considerationms, a
reanalysis of this study is provided in order to clarify results that may have
been considered to indicate that BD affected the development of rat
conceptuses at the 200 ppm concentration or that it was teratogenic at the

8000 ppm concentraticn.

1. Maternal Body Weights

©

Maternal body weight gain during the exposure period was significantly
reduced by 200 to 8000 ppm concentrations of BD. The reduction in weight gain
was most severe during the first three days of exposure, with weight loss
evident for the 8000 ppm group. Weight gain for the 200 and 1000 ppm groups
was equivalent to control values on days 9-12 and 12-15 of gestation.

Significantly reduced weight gain occurred for the 8000 ppm group on days 9-12

of gestation; this group had weight gain equivalent to the control group on

days 12-15 of gestation. During the postexposure period, increased weight

gains, a compensatory effect that commonly occurs in these types of studies,
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‘) were evident for each group that had been exposed to BD. From days 0 to 20 of
gestation, the percent maternal body weight gain was 51.5, 50.0, 47.9 and
45,2%% at exposure levels of 0, 200, 1000 and 8000 ppm BD. Adjusted mean body
weight gains (maternal body weight minus the weight of the gravid uterus) for
the entire gestation period (days 0-20) were significantly reduced for the
1000 and 8000 ppm groups. OSHA incorrectly reported weight loss for all
groups in the first few days, rather than for only the 8000 ppm group.

2. Caesarean-Sectioning Observations, Including

Postimplantation Loss

Exposure to BD at concentrations as high'as 8000 ppm did not affect
pregnancy incidences, corpora lutea, implantations, percent preimplantation
loss, early and late intrauterine deaths, percent postimplantation loss, live

litter sizes or the percent fetuses per implahtations.

I:) ' Both the authors and QSHA noted that post;mplantation loss was slightly

| higher in all BD-exposed groups, as stated by OSHA. 1 do not agree that these
increases were related to BD, for the following reasons: 1) the effect was
biologically important and statistically significant for only the positive
control group; 2) the values for groups exposed to BD did not significantly
differ from those for the control group; 3) the slightly increased values for
the groups exposed to BD were not dose'dependent. and 4) the small differences
in postimplantation loss did not cause differences in live litter sizes (the
percent postimplantation loss was 3.6, 6.0, 4.9, 7.3 and 43.7%*% in the
filtered air control group, 200, 1000 and 8000 ppm BD groups, and the poszt;ve
control group, respectively; mean litter sizes were 12.5, 12.0, 13.4 12.8 and

7.9 fetuses in these same respective groups).

x significantly different from the control group value (P<0.01).
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3. Fetal Weights and Crown-Rump Lengths

Fetal weights and crown-rump lengths were significantly reduced for the
8000 ppm group. I disagree that there were effects for all dosage groups, as
reported by OSHA. Fetal body weights averaged 3.3, 3.2, 3.2 and 3.1* g, and
crown-rump lengths averaged 37.8, 37.2, 37.2 and 35.9%** mm in the groups
exposed to 0, 200, 1000 and 8000 ppm BD, respectively. As compared with the
control group values, the values for fetal body weights and crown-rump lengths
for the 200 and 1000 ppm groups did not have differences that were
biologically important or statistically significant. 1In both cases, the
values for the 200 and 1000 ppm groups were identical, observations that would
not be expected in consideration of the five-fold difference in magnitude
between the two exposure levels. The statistical significance of the reduced
fetal body weight for the 8000 ppm group is marginal and may be inappropriate
for the following reasons: 1) it appears that a one-way analysis of variance
{ANOVA) was followed by multiple comparisons using one-tailed t-tests; these
methods are generally considered inappropriate because body weights can
increase or decrease (making a two-tailed t-test more appropriate), and the
use of multiple t-tests increases type 1 error (i.e., increases the
probability that a value will be statistically significant; Muller, et al.,
1984; Neter, et al., 1985; and SAS Institute Inc., 1988); 2) it appears that
the positive control group value was included in the analysis, (values for a
positive control group should be excluded from the comparisons of the negative
or vehicle control group with the groups exposed to the test substance). When
these fetal body weight data were reanalyzed at my laboratory followed by
two-tailed t-tests excluding the values for the positive control group, there
were no statiétically significant differences among the four groups. This
finding indicates that the cause of the statistically_significnnt reduction in
the fetal body weight for all fetuses in the 8000 ppm group (and not for male
and female fetuses, when cslculated separately by sex) may be the use of

inappropriate statistical analyses.
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* Significantly different from the control group value (P<0.05).
** Significantly different from the control group value {P<0.01).
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;) Regardless of questions regarding statistical significance of fetal body B
weights in this study, it is agreed that the 8000 ppm group had reduced fetal

body weights and crown-rump lengths in this study, and that these are

interrelated observations indicating delays in development. It should be

noted that such growth retardationé are usually considered to be reversible

and commonly occur when maternal body weight gain is retarded. Maternal body

weight gain was reduced during the dosage pericd for groups provided each

concentration of BD, with the 8000 ppm group having actual weight loss during

the first three days of exposure.

4. Fetal Anatomical Defects

L]

a. Classification System Used

The testing laboratory ciassified fetal abnormalities as: major (rare
and/or possibly lethal), minor (commonly occurriﬁg. nonlethal defects) or
:) variants (variations in skeletal ossification). In addition to this
procedure, the laboratory graded abnormalities of the rib cage, citing slight
and moderate waviness as a minor defect and markéd and severe waviness as a
major defect. Because the fetuses in all groups in this study were
considerably smaller than those observed in previous studies performed at the
laboratory, they noted that skeletal ossification was less advanced than
normal, and that some aspects of retardation of_ossification which they would

normally regard as minor defects were classified as variants in this study.

It should be noted that_tﬁe use of these arbitrary categories and
tabulation of fetal incidences, and not both fetal and litter incidences, make
it very difficult to independently evaluate the fetal observatidns or to make
interlaboratory comparisons. This may be the reason that the conclusions of
the authors were generally accepted and repeated in the OSHA document. It

appears that OSHA did not attempt to further -analyze these cbservations.

’

;) ' b. Delays in Ossification

The authors concluded that a higher incidence of minor fetal defects and

variants was observed in the BD-exposed groups than in the control group, and
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that this was associated with the smaller fetal size in the BED-exposed groups.
1 agree with this conclusion for the 8000 ppm group. As noted by the authors
and OSHA, the significant increase in the number of litters with fetuses with
skeletal variants that occurred for the 8000 ppm group was interrelated with
the reduced body weights and smaller crown-rump lengths that occurred for this
group. These variants consisted of delays in ossification of the thoracic
centra (bipartite thoracic centra) and incomplete ossification of the sternum,
delays in ossification (Hannah and Moore, 1971) that are generally believed to
reverse. I would also note that the 8000 ppm group had statistically
significant increases in the fetal and/or litter incidences of delays in
ossification of the ribs (wavy ribs), an alteration that has been shown to be
reversible and often associated with small fetal body weights and sizes

(Nishimura, et al., 1982; Sterz, et al., 1985).

c. Absence of Major Fetal Defects

The authors also concluded that there was an indication of
teratogenicity due to the presence of major fetal defects at the 8000 ppm
concentration of BD. OSHA repeated this conclusion, although I disagree for

the reasons provided below.

The report states that the fetal incidences of major skeletal defects
were increased in all BD-exposed groups, with significant increases in litter
incidences for the 1000 and 8000 ppm groups. These "major" skeletal defects
principally consisted of wavy ribs, which are known to be reversible delays in
ossification (Nishimura, et al., 1982; Sterz, et al., 19853), and should not
have been categorized as major defects. Other *major® skeletal defects
reported included abnormalities of the skull, spine, sternum, long bones and

ribs.

Several of these 'mﬁjor' skeletal defects appear to Be delays in
ossification, rather than major defects (frontals and nasal foreshortened, 2
fetuses in the 8000 ppm group; short ileum, 2 fetuses in the sooo‘ppm group;
humerus, radius and ulna short, 1 fetus in the 8000 ppm group; femur, fibula

and tibia short, 1 fetus in the 8000 ppm group). All of these "major”

alterations occurred at incidences that were not statistically significant and
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are within the historical ranges for this rat strain (Lang, 1988, and my
laboratory). "Major” alterations generally classified as malformations
included curvature of spine due to an additional vertebral arch, 1 fetus in
the 8000 ppm group; fused ribs, 1 fetus in the 1000 ppm group and 1 fetus in
the B000 ppm group; malformed rib, 1 fetus in the 8000 ppm group. Major
fusion of sternebrae occurred for 2 fetuses in the 8000 ppm group, but this
is an observation I usually consider to represent accelerated develbpment, not
a "major" alteration, because the sternum is fused in the adult. Although
some alterations were jncreased for the 8000 ppm group, OF occurred only for
this group, as described above, all incidences are within the ranges observed
histﬁrically for this rat strain (Lang, 1988, and my lnboratofy). and single,
high dosage group events that are not statistically significant are generally

considered to be spontaneous and unrelated to the test substance.

d. Other Changes'Unrelated to BD

1) Minor Skeletal Defects

The number of litters with fetuses with minor skeletal defects was
significantly higher for the 200 ppm group, 2an observation that should be
interpreted as unrelated to the test substance because the values were not

dose-dependgnt.

2) Minor External[Visceral Defects

As reported by the author of the report and OSHA, the number of minor

external/visceral defects was higher in the BD-exposed groups than in the

£iltered air control group (16.9, 23.8, 24.4% and 25.5 percent of the fetuses
per litter had this observation in the four respective groups), and the litter
incidence for this observation was significantly increased for the 1000 ppm
group (13, 18, 20* and 19 litters had fetuses with minor external and visceral
defects). Neither of these observations should be attributed to BD because

the values were not dose-dependent.

* Significantly different from the control group value (P<0.03).
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3) Subcutaneous Hemorrhagic Areas

Statistical analysis revealed significant increases in the fetal
incidences of subcutaneous hemorrhagic areas (hematoma) in the 200 and
1000 ppm groups. There were 6, 8%, 14* and 7 fetuses in the control, 200,
1000 and 8000 ppm groups with this alteration, respecﬁively; the litter
incidence was not significant (5, 8, 9 and 6 litters in these respectivé
groups had fetuses with this alteration). It should be noted that
subcutaneous hemorrhage is generally secondary to trauma during removal of the
fetus from the uterus, and the absence of dose-dependency for this observation
tends to indicate that trauma was the cause of these observations, and is also
in agreement with the author's conclusions regarding the small fetal sizes

that occurred in this study.

4) Lens Opacities

It was also reported that tﬁe number of fetuses with lens opacities was
significantly increased in the 8000 ppm group (lens opacities were reported as
unilateral or bilateral): there were totals of 37, 35, 38 and &44* fetuses in
which one or both eyes had a lens opacity in the respective groups; although
there appears to be a dose-dependency for this minor alteration, this
observation probably is an artifact interrelated with the examination
procedure and/or fixation. The numbers of fetuses with only unilateral
changes or only bilateral changes were not dose-dependent in the respective
four groups, supporting the conclusion that this finding is an artifact.
Unilateral lens opacities occurred for 19, 11, 8 and 13 fetuses, and bilateral
lens opacities occurred for 18, 24, 30 and 31 fetuses. The litter incidences
for unilateral and bilateral lenms opacities combined were 14, 10, 12 and 13 in

these same regpective groups.

* sSignificantly different from the control group value (P<0.05).
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5) Heart Malformations

Although it is true that two fetuses in the 8000 ppm group had heart
malformations, it is doubtful that these malformations were effects of the
test substance. Even in combination, the incidences were not statistically
significant, and the malformations were different. One of these fetuses had
multiple external/soft tissue malformations [abnormal facial shape,
subcutaneous oedema and sunken eyes (interrelated observations reflecting
oedema), persisting truncus arteriosus, and undescended testes), and the other
fetus had an interrupted aortic arch as its only external/visceral defect.

The types of alterations that occurred in the fetus with multiple
malformations occur spontaneously in this strain (Lang, 1988, and my

laboratory).
6) Minor Skeletal Defects

It remains clear that the numbers of fetuses with significant increases
were not dose-dependent for minor skeletal defects. It should be noted that
when analyzed in terms of the litter incidences, 10, 21, 18 and 15 litters had
fetuses with minor skeletal defects, incidences that are also clearly not

dose-dependent.

c. Battelle, 198ia - rat

My interpretation of the data from the initial developmental toxicity
study is supported by the results of a second rat developmental toxicity
study, conducted by Battelle (1987a)}. 1In this study, Sprague-Dawley rats (24
to 28 per group) were exposed to BD for 6 hours per day at concentrations of
0, 40, 200 or 1000 ppm on days 6 through 15 of gestation. The dams were
Caesarean-sectioned on day 20 of gestatiocm, and the fetuses subsequently
examined. Acceptable procedures were used to identify maternal and

developmental effects.
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The 40 and 200 ppm concentrations of BD were not toxic to the dams. -
Body weight gain was significantly reduced forrﬁhe 1000 ppm group on days 6 o
11 of exposure. This effect did not persist thereafter. The corrected
average maternal body weight gain during gestation minus the weight of the
gravid uterus was significantly reduced for the 1000 ppm group- Thus, the
maternal NOEL was clearly defined as 200 ppm, and maternal toxicity was
evident as significant reduction in body weight gain at 1000 ppm. All other
parameters including percent pregnant, and averages for implantations,
resorptions, live litter sizes, placental yeights. fetal sex ratios and fetal
body weights were unaffected by maternal eiposure to BD at concentrations as
high as 1000 ppm. There were no significant differences among the groups in
the incidences of fetal malformations and variations. All fetal alterations
that occurred were within the ranges observed historically (Lang, 1988, and my
laboratory). Based on these data, the developmental NOEL for BD in the rat is

greater than 1000 ppm, the highest concentration tested.

D. Battelle, 1987b - mouse

——

The fourth developmental toxicity study was conducted by Battelie
(1987b) in Swiss CD-1 mice (18 to 22 per group) exposed to BD for 6 hours per
day at concentrations of 0, 40, 200 or 1000 ppm on days 6 through 15 of
gestation. Although this study had an extremely poor pregnancy rate, as
sometimes occurs in mouse studies, there were adequate numbers of pregnant
mice in the groups for analysis (pregnancy rates of 56, 57, 68 and 67 percent
in the 0, 40, 200 and 1000 ppm dosage groups, respectively, resulted in 18,
19, 21 and 20 pregnant dams with litters available for examination). The mice
were sacrificed on day 18 of gestation, and standard Caesarean-sectioning and

fetal examinations were made.

The 200 and 1000 ppm concentrations were toxic to the dams. Maternal
body weight gains for the 200 and 1000 ppm groups were significantly reduced
on days 11 to 16 of gestation. Gravid uterine weights for these groups were

also significantly reduced, as were the corrected maternal body weight gains
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during gestation (maternal body weight gain on days 0 to 18 of gestation minus
the weight of the gravid uterus). The 1000 ppm group had significantly
reduced maternal body weights on day 18 of gestation. The 40 ppm group was

unaffected.

There were no dose-dependent, significant differences in the averages
for implantatioﬁs, resorptions, live fetuses or sex ratios per litter. The
only significant value was a.reduction in early resorption for the 200 ppm
group, as compared with the control group value, an observation that was not

dose-dependent and does not indicate developmental toxicity.

The authors and OSHA repert significant reductions in male fetal body
weights for the 40, 200 and 1000 ppm groups; combined male and female fetal
body wexghts and female fetal body weights were significantly reduced only at
200 and 1000 ppm. The significant decrease for the 40 ppm group male fetal
body weight was an effect of litter size and not an effect of BD for the

following reasons:

1) the significant reduction was caused by the increased numbers of
fetuses in this group. When fetal body weights were analyzed at my laboratory
using an analysis of covariance and litter size as the covariate, there were

no significant differences in the 40 ppm group fetal weights;

2) the method of analysis used by the testing laboratory (multiple
comparison using a t-test) is known to increase the probability of a type 1
error (i.e., increase the probability that a value will be_statistically
significant; Muller, et al., 1984; Neter, et al., 1985; and SAS Institute
Inc., 1988). This criticism that the statistical significance for the value
resulted from use of an inappropriate statistical analysis is further .
substantiated because: a) the testing facility no longer uses this method
(Staples, R.E., personal communication with an author, T.J. Mast, 1990): and
b) in the companion developmental toxicity study of BD in rats, an alternate
method, one generally considered to be appropriate, Duncan's multiple-range
test, was used for further statistical analyses if the results of an ANOVA

were significant.
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Placental weights were significantly reduced for the 200 and 1000 ppm
groups (combined sexes), for male but not female fetuses in the 200 ppm group,

and for both sexes in the 1000 ppm group.

No significant differences occurred among the groups in the incidences
of malformation, although extra ribs, a common variation in mice, was
significantly increased in the 200 and 1000 ppm groups, and delayed
ossification of the sternum, a variation that is reversible and commonly
occurs in fetuses with small body weights, was significantly increased for the

1000 ppm group.

Based on these data in CD-1 mice, the maternal and developmental NOELS
for BD are 40 ppm. Maternal body weight gains were significantly reduced by
200 and 1000 ppm concentrations of BD. These concentrations resulted in
reduced_fetal and placental weights and supernumerary ribs; the 1000 ppm
concentration also caused retarded sternal ossification. No concentration of
BD tested caused embryo-fetal deaths or malformations. These findings are in
agreement with the conclusions of the authors regarding the absence of
teratogenicity at any concentration tested, and their conclusions regarding
retarded growth, placental weights and increases in supernumerary ribs at the
200 and 1000 ppm concentrations of BD, and the retardation of sternal

ossification and general ossification at 1000 ppm concentrations of BD.

Thus, the expected greater toxicity of BD in mice, as compared with
rats, was evident (the maternal NOEL in mice was 40 ppm, as compared with the
maternal NOEL of 200 ppm in rats), and the increase in interrelated effects on
embryo-fetal development followed the same pattern (the developmental NOEL in
ﬁice was 40 ppm, as compared with the developmental NOEL of 1000 ppm-in rats).
Adverse effects on the conceptuses of both species were limited to reversible
growth retardations and variations in ossification that occurred at
concentrations that were toxic to the dams (caused significant reductions in
maternal body weight gains). These conclusions are also in agreement with
OSHA's conclusion that the 40 ppm concentration of BD was a2 NOAEL (no adverse
effect level, page 32772).
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These conclusions contrast with those of the authors of the reports that
were repeated in the OSHA document, "that the fetus [may] be more susceptible
than the dam". Rather, they demonstrate that the method of statistical
analysis and the larger litter sizes of the 40 ppm group were the causes of
the apparent significant decrease in male fetal weight for this group, and
that all significant effects occurred only at concentrations of 200 ppm and
higher in mice and concentrations of 1000 ppm and higher in rats. The |

developmental NOELS in mouse and rat were 40 and 1000 ppm, respectively.
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V. DISCUSSION AND CONCLUSIONS

An examination of the data collected from the reproduction,
developmental toxicity and carcinogenesis studies of BD in rats and mice
leaves little doubt that the mouse is extremely sensitive to BD and/or its
metabolites. Studies in rats identify a developmental NOEL of 1000 ppm and a
maternal NOEL of slightly less than or 200 ppm. Data from the mouse, on ﬁhe
other hand, identify maternal and developmental NOELS of 40 ppm. Lifetime
studies suggest an even greater sensitivity in adult mice exposed over many
weeks because: 1) ovarian atrophy occurs in B6C3F1 mice at 62.5 ppm at 65
weeks of exposure, and after completion of the reproductive life of this
species at 6.25 and 20 ppm (65 or more weeks of exposure); 2) testicular
atrophy occurs in both B6C3Fl and CD-1 mice at 625 ppm BD, with reduced
relative testicular weights at 200 and 625 ppm concentrations of BD; and
3) adult rats exposed over a longer period to concentrations of BD as high as

8000 ppm did not demonstrate increases in ovarian or testicular atrophy.

Pharmacokinetic data strongly suggest that the metabolism of BD to its
epoxide, 1,2-epoxy-3-butene, is responsible for these differences between the
two species. The more rapid uptake and slower excretion of the epoxide in the
mouse, in comparison to the rat (and the primate), is believed to be the
mechanism by which BD is tumorogenic, produces ovarian and testicular atrophy,
affects other rapidly proliferating tissues, and causes a lower NOEL for the
developmental toxicity of BD in the mouse.

It is my opinion that OSHA currently has applied too much weight to the
mouse studies, a species that is not relevant for use in calculating
appropriate safety factors for humans because of the pharmacokinetic
differences between these two species. OSHA appears to overlook the large
margin of safety provided by the more appropriate species, the rat. OSHA's

conclusion that humans are at increased risk of reproductive injury at 2 ppm
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is incorrect and based on studies in mice (developmental toxicity study,
dominant lethality study, sperm-head morphology study, carcinogenicity study),
an inappropriate species for use in identifying NOELSlfor use in identifying

the human risk.

OSHA has identified developmental and reproductive effects as follows:

Study/Species OSHA's NOEL Appropriate NOEL
Sperm-head Morphology/ 200 ppm 5000 ppm

B6C3IF1 Mice
(Battelle, 1988a)

Dominant Lethal Study/ 200 ppm.(LOEL) S000 ppm
CD-1 Mice
(Battelle, 1938b)

Testicular Atrophy/ 200 ppm 200 ppm
Lifetime Study/
B6C3F1 Mice
(NTP, 1982, 1984)

Ovarian Atrophy/ 6.25 ppm 20 ppn
. Lifetime Study '
B6C3F1 Mice
(NTP, 1989a,
prelimiﬁnry data)

Developmental Toxicity/ 40 ppm (NOAEL) 40 ppm (developmental)
CD-1 Mice 40 ppm (maternal)
(Battelle, 1987b)
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Each of these studies was conducting using mice, a species of

questionable relevance to humans primarily because of the unique sensitivity

of the mouse to BD.

data in other species:

Study/Species

OSHA did not consider the following data base of negative

NOEL

Developmental and
Reproductive Studies,
Rats, Guinea Pigs,
Rabbits, " Dogs

(Carpenter, et al.,

6700 ppm

Exposure occurred for a period

of eight months; rats, guinea pigs
and rabbits were bred and their
fertility was not impaired; no

ovarian or testicular pathology

1944) was identified (only female dogs

were tested). Although few animals
were tested, no remarkable hazard was
identified following prolonged
exposure to high concentrations (600,

2300 or 6700 ppm).

Testicular Atrophy/
Lifetime Study/
Sprague-Dawley Rats

8000 ppm (11l weeks)

(Hazleton, Europe, 198la)
Ovarian Atrophy/ 8000 ppm (105 weeks)
Lifetime Study/
Sprague-Dawley Rats
(Hazleton, Europe, 198ia)
Developmental Toxicity 1000 ppm (developmental)
Sprague-Dawley Rats 8000 ppm retarded growth
{Hazleton, Europe, 1981b) <200 ppm (maternal)

Developmental Toxicity 1000 ppm (developmental)

Sprague-Dawley Rats 200 ppm (maternal)

{Battelle, 1987a)
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Over emphasis of the preliminary findings of atresia of the mouse ovary
after completion of the reproductive life of this species and following
prolonged exposure at 6.25 and éo'ppm is particularly inappropriate, in
consideration of the senéitivity of the species and the anatomical and
physiological differences between human and mouse ovaries. AS noted above,
there is also disagreement with OSHA's interpretation of many of the studzes

regarding reproduction and development.

Use of a safety factor of 100,~based on alllother reproductive and
developmental NOELS for BD, other than those for the mouse ovary and mouse
developmental toxicity study, observations that are considered inappropriate
for use in reproductive risk assessment because the mouse is a uniguely
sensitive species, does not indicate an increased risk to humans at 2 ppm. If
considerations are restricted to observations in a more uppropriate species,
the rat, the lowest feproductive/developmental NOEL is 1000 ppm, with only
retarded fetal growth identified at 8000 ppm. Neither testicular nor ovarian
atrophy was produced by exposure of rats to 8000 ppm for 105 or 11l weeks or
exposure of rats, guinea pigs, rabbits and dogs (female) to 6700 ppm for eight
months. Application of a safery factor of 100 to these data indicates no

increased risk of reproductive or developmental toxzczty to humans at 10 PpPMm.
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1.0 SUMMARY

The information cited by OSHA was reviewed and an
independent alternative risk assessment was conducted. The
risk assessment utilized new data on pulmonary retention and
species differences in pharmacokinetics of butadiene,
allowing for more accurate quantitative dose-response
evaluations.

The first portion of the attached comments correct the OSHA
raw potencies resulting in risk estimates of less than 1 in
1000 for both the mouse and rat for the 2 ppm occupational
exposure scenarioc (45 years of a 74 year lifetime, 250 days
per year, 8 hours per day). The corrections are based on

the species differences in retention and metabolism of
butadiene. '

Next, the risk assessment develops independent alternative
raw cancer potency estimates based on the second NTP mouse
bioassay and the IISRP rat bioassay. The raw cancer
potencies are then adjusted based on dose level effects and
species differences in the retention and metabolism of
butadiene. : ‘ -

It is demonstrated that the range of risk estimates spans 16
orders of magnitude and the median risk estimate is in the 1
in 10,000 range considering 56 different cases based on both
the rat and mouse. The highest risk estimates result from
the female mouse and the lowest risk estimates result from
the male rat with risk estimates of near 1 in 1,000,000.

It is concluded that the mouse is unique in its ability to
produce higher levels of butadiene epoxides and has less
capacity for detoxifying the biologically active epoxides.
Thus the mouse is at significantly higher risk than is the
rat, primate, ‘or man.

OSHA's concern that ovarian atrophy seen in female mice
exposed to low levels of butadiene might indicate potential
risk to humans is not warranted. As detailed below, the
mouse is extraordinary and unique in the ovarian response
following butadiene exposure because of the high levels of
butadiene epoxide formed by the mouse. The ovarian atrophy
seen in the mouse but not in the rat, is also observed in
the mouse with epoxides of related compounds. The CMA
Butadiene Panel through its consultant Dr. M. Christian has
provided a careful, detailed analysis of the animal toxicity
data. It is concluded that mouse ovarian atrophy is not a
hazard for work place exposure to 2 ppm and that butadiene
does not represent a reproductive hazard at low ppm
exposures.
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In summary, the conclusion is reached that the risk
resulting from work place exposure to 2 ppm, even including
some "worst case" assumptions, is less than 1 in 1000. In
reality, residual risk is likely to be substantially
smaller than 1 in 1000 based on the weight of the evidence.

It is concluded that a 2 ppm PEL is protective for all known
toxicological endpoints. The setting of the 10 ppm .STEL is
optional.

2.0 INTRODUCTICN

Comments on a number of issues pertaining to O0SHA's
estimation of risk resulting from exposure to butadiene are
offered in the following discussion.

Butadiene presents a challenge to the risk assessor. If one
only had the epidemiology studies to review, the conclusion
would be reached that there is no apparent cancer problem
resulting from present occupational exposures. It is
recognized that within the total epidemiology data set,
there are isolated anomalies that either represent very
unusual circumstances that run counter to conventional dose-
response principles or are statistical artifacts. On the
other hand if one only had the mouse oncogenicity studies,
great concern could be raised over statistically significant
increases in lung tumors at exposure levels as low as 6.25
ppm. The reality for the risk assessor and ultimately the
risk manager is that not only are there results of
epidemiology studies and 2 mouse oncogenicity studies, but
there is also a high dose lifetime rat oncogenicity study
and fairly extensive mutagenicity and metabolism data on
butadiene and related compounds that aid in characterizing
the risk. '

The present "state of the art™ of risk assessment does not
allow a precise determination of the risk. What the risk
assessment can do is to incorporate all the relevant
information and present the resulting range of risks alone
with the assumptions and uncertainties. From such an
analysis a weight of the evidence based conclusion can be
derived. It is clear based on more recent data and other
considerations, that the OSHA risk estimate is overstated.
We are encouraged that OSHA went beyond the simple but less
meaningful conservative worst case analysis and utilized
information beyond applying the linearized multistage model
to the animal tumor counts in its risk assessment. "We note
particularly OSHA's acknowledgement of the confounding role
of the murine retrovirus, and the concept that absorbed dose
is a better indicator of exposure than butadiene
concentration in chamber air.
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The major differences in the risk assessment presented in
the following comments and that presented by OSHA include
incorporating new pulmonary uptake data, greater utilization
of the species specific butadiene metabolism data, an
approximate time-to-tumor analysis of the second NTP mouse
oncogenicity study (NTP-II), and an increased emphasis on
the rat study as being more directly relevant to man than is
the mouse. The resulting range of risk estimates are
presented. The weight of the evidence clearly demonstrates
that the best. informed estimates of risk are smaller than
OSHA's criteria for significant risk.

3.0 ALTERNATIVE CANCER RISK ESTIMATIONS

The approach used in the following sections are presented
from 2 perspectives. Firstly, the OSHA risk assessment is
reviewed (Section 3.1) in light of new information on
pulmonary retention and species differences. Secondly, an
independent alternative risk assessment is presented in
Section 3.2 based on the NTP-II mouse study and the IISRP
rat study. This review and further analysis clearly
demonstrate that OSHA has overestimated the risk based on
mouse hemangiosarcomas and pooled tumors from NTP-I.

3.1 QUANTITATIVE ALTERNATIVE ANALYSIS OF OSHA'S RISK
ASSESSMENT

First, the OSHA estimates of potency based on the NTP-
I mouse study will be corrected by incorporating
current information on retention and metabolism
discussed in Appendix 1. The parameters and values
used in modifying the OSHA estimates are given in Table
1 and the data OSHA used are presented in Table 2. 1In
Section 3.2 (ALTERNATIVE RISK ASSESSMENT BASED ON NTP-
II AND IISRP STUDIES) the results of a preliminary
analysis of the NTP-II mouse study are presented and
the results examined for consistency with NTP-I.

Next, OSHA's potency estimate based on the IISRP rat
study will be adjusted to reflect current knowledge of
retention efficiency and pharmacokinetics of butadiene.

3.1.1 OSHA Estimates of Risk Based on the NTP-I Mouse
Study

It is agreed that the retrovirus played an important
role in the incidence of malignant lymphoma and that
risk estimates should be developed based on both
including and excluding the malignant lymphomas in
order to explore the full range of risk and
uncertainty. The confounding role of the retrovirus
in the magnitude of the malignant lymphoma and possibly
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the hemangiosarcoma response is discussed in more
detail in Appendix 2.

OSHA's "best" estimate of risk from occupational
exposure was based on the female mouse hemangiosarcoma
response in NTP-I (Table 3, line 2) and is shown in the
tabulation at the end of this section. OSHA's highest
estimate of risk (183/10,000) was based on female mouse
pooled tumors for which the high dose group was dropped
and a oné-hit model fitted (Table 3, line 9). Risks
were calculated for maximally exposed persons over a
period of 45 years (45 years of a 74 year lifetime, 250
days per year, 8 hours per day). The best estimate of
risk was reported (OSHA Table 21) as 51 per 10,000
based on the multistage model incorporating 2 stages
applied to hemangiosarcoma. These risks are maximum
likelihood estimates.

For reasons discussed below, these estimates should not
be viewed as estimates of risk per se, but rather as
initial "raw" potency estimates requiring incorporation
of additional biologically relevant information.

OSHA RAW POTENCY RISK ESTIMATES: NTP-I MOUSE
Same Risk Expressed in 3 Notations

OSHA Best Estimate-Mouse Hemangiosarcoma, Multistage
Model ’

Raw Potency 51/10, 000 1 in 200 S5E-3
OSHA Mouse Pooled Tumors-2 stage model
Raw Potency 2/10,000 1 in 5000 2E-4
OSHA Mouse Pooled Tumors, One-Hit Model

Raw Potency 183/10,000 1l in 55 1.8E-2

3.1.1.1 Effect of Overestimation of Human Retention
Efficiency

An immediate adjustment of OSHA's raw potency can
be made for the fact that data initially reported
by CAG (EPA,1985) were used in determining the
retention of butadiene at levels of occupational
interest. This data has since been revised in a
later report by Bond et al (Bond et al,1986)
summarized in Table 4 and Figure 1. For example,
at 2 ppm Figure 1 shows retention in the mouse and

CoChos 020264
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rat to be 17% and 5% respectively. The earlier
data used by OSHA on the other hand suggested 100%
and 28% respectively (OSHA Notice of Hearing:
Table 20). OSHA then ascribed these retention
efficiencies to humans in extrapolating from the
animal studies. '

There is additional pharmacokinetic modeling
support that human retention is lower than assumed
by both EPA and OSHA. A study by Hattis and
Wasson (1987), referenced by OSHA, has also
examined the question of human respiratory
retention. Using a physiologically based
pharmacokinetic (PBPK) model with experimental
metabolic data from rats and mice, these authors
employed the amount of butadiene metabolized as
their dose measure and reached a number of
conclusions of direct relevance to the OSHA
calculations. Among these was the fact that their
model indicated that both human absorption and

‘metabolite formation at low doses is likely to be

much lower than assumed by EPA. As OSHA assumed
even higher absorption than EPA, this conclusion
applies in particular to the OSHA calculations.
The PBPK model indicated humans would likely
exhibit a 10% retention efficiency at 2 ppm rather
than the 100% assumed by OSHA for their mouse to
man extrapolation, and the 28% assumed by OSHA in

 their rat to man extrapolation. As 10% is also

intermediate between the interpolated values in
figure 1 for rats and mice, 10% was adopted for
use in correcting OSHA's risk assessment as the
best informed and most reasonable estimate for
human retention at 2 ppm. At the end of this
section is a tabulation displaying the correction
of the various raw potencies.

The effect of using 10% rather than 100% retention
on OSHA's best estimate of risk based on
hemangiosarcoma is to reduce the apparent risk by
a factor of 10, from 51 per 10,000 to
approximately 5 per 10,000 or, 0.5 in 1,000 (Table
3, line 4) or less than 1 in 1000.

The risk based on pooled mouse tumors using the
same 2-stage model would be reduced 100 fold from
2 in 10,000 to 2 in 1 million(Table 3, line 12)
(the 100 rather than 10 fold reduction follows
from the quadratic nature of the fitted model for
pooled tumors). Even the one-hit model considered
by OSHA to be less plausible would imply a 10 fold
reduction in risk to 18 per 10,000 (Table 3, line

r R
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11) rather than 183 per 10 000 as originally
estimated by OSHA.
REVISED RISK ESTIMATE AFTER ADJUSTING FOR
RETENTION-MCUSE
Same Risk Expressed in 3 Notations

OSHA Best Estimate-Mouse Hemangiosarcoma

Raw Potency 51/10,000 1 in 200 5E-3
Retention 5/10,000 1 in 2000 S5E~-4

OSHA Mouse Pocled Tumors-2 stage model

Raw Potency 2/10,000 1 in 5000 2E-4
Retention 0.02/10,000 1 in 500,000 2E-6

OSHA Mouse Pnoled Tumors, One-Hit Model

Raw Potency 183/10,000 1 in 55 1.8E-2
Retention 18/10,000 1 in 550 1.8E-3

Using the pulmonary retention correction factor of
10% rather than 28%, the OSHA rat based risk
estimate considering mammary tumors would be
reduced from 115/10,000 to 42/10,000 for the one-
hit model and from 29/10,000 to 10/10 000 for the
two-stage model.

REVISED RISK ESTIMATE AFTER ADJUSTING FOR
RETENTION-RAT
Same Risk Expressed in 3 Notations

OSHA Rat One-Hit, With Mammary Tumors

Raw Potency -115/10,000 1 in 87 1.1E-2

Retention 42/10,000 1 in 238 4.2E-3

OSHA Rat, Two Stage model, with Mammary Tumors -
Raw Potency 29/10,000 1 in 344 2.9E-3

Retention 10/10,000 1 in 1000 1E-3
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OSHA Rat One-Hit, Without Mammary Tumors

Raw Potency 115/10,000 1 in 87 1.1E-2
Retention 42/10,000 1 in 238 4.2E-3

OSHA Rat, Two Stage model, without Mammary Tumors

Raw Potency 29/10,000 1 in 344 2.9E-3
Retention 10/10,000 1 in 1000 1E~3

3.1.1.2 Effect of Underestimation of Animal Dose

The OSHA measure of dose was taken to be the
amount of butadiene retained on termination of the.
experiment at 6 hours, and ignored both metabolism
and excretion during the exposure, as well as, the
potential for further metabolism after the 6 hour
period. The Hattis and Wasson study concluded that
this led to an underestimation of the actual dose
received by mice and rats by factors of about 2
and 4.5 respectively. _

The effect of a 2 fold underestimation of actual
dose on OSHA'S best estimate of risk based on
hemangiosarcoma is to further reduce the apparent
risk by 50% from 5 per 10,000 (from section
3.1.1.1) to 2.6 per 10,000 (Table 3, line 6).

The risk based on pooled mouse tumors using the
same 2-stage model would be reduced more than 2
fold from 2 in 1 million to 1 in 1.6 million
(Table 3, line 14), the non-linear reduction
follows from the quadratic nature of the fitted
model for pooled tumors. Even the one-hit model
considered by OSHA to be less plausible would
imply a 2 fold reduction in risk to 9 per 10,000
or less than 1 in 1000 (Table 3, line 13).

The inclusion of the two-fold animal dose
underestimation with the ten-fold overestimation
of human retained dose results in all the OSHA
mouse based risk estimates, including those based
on pooled tumors, being reduced to a risk of less
than 1 in 1,000.
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REVISED RISK ESTIMATE AFTER ADJUSTING FOR
UNDERESTIMATIGON OF ANIMAL DOSE -MOUSE

Same Risk Expressed in 3 Notations

OSHA Best Estimate-Mouse Hemangiosarcoma

Raw Potency 51/10,000 1 in 200 SE-3
Retention 5/10,000 1 in 2000 SE-4
Underest. 2.6/10,000 1 in 3800 2.6E-4

OSHA Mouse Pooled Tumors—-2 stage model

Raw Potency 2/10,000 1 in 5000 2E-4
Retention 0.02/10,000 1 in 500,000 2E-6
Underest. 0.006/10,000 1 in 1,600,000 6.2E-7

OSHA Mouse Pooled Tumors, One-Hit Model

Raw Potency 183/10,000 1 in 55 1.8E-2
Retention i8/10,000 1 in 550 1.8E-3
Underest. 9/10,000 1 in 1100 9.2E-4

Applying the 4.5 fold risk reduction correction
for underestimating dose to the rat based potency
which considered mammary tumors to be relevant for
estimating risk, results in risk estimates of 1
per 1100 (Table 5, line 3 ) or 9 per 10,000 for
the one-hit model and to 1 in 4500 (Table 5, line
4) or 2.2 per 10,000 for the two-stage model. The
following tabulation shows the effect of
correcting the raw potency estimates for
underestimation of animal dose.

The corresponding OSHA rat based risks without
-mammary tumors, that is rat mammary tumors
considered to be irrelevant to human risk, would
decline to less than 1 in 1,000 for both one-hit
(risk of 1 in 23,000, Table 5, line 8) and two-
stage models (rlsk of 1 in 26,000, Table 5, line
10). The corrected rat based risk estimates are
summarized below.
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REVISED RISK ESTIMATE AFTER ADJUSTING FOR
UNDERESTIMATION~RAT '

Same Risk Expressed in 3 Notations

OSHA Rat One-Hit, With Mammary Tumors

Raw Potency 115/10,000 1 in 87 1.1E-2
Retgntion 42/10,000 1 in 238 4.2E-3
 Underest. 9/10,000 1 in 1100 2.9E-3

OSHA Rat, Two Stage model, with Mammary Tumors

Raw Potency 29/10,000 1 IN 344 2.9E-3
Retention 10/10,000 1 in 1000 1E-3

Underest. 2.2/10,000 1 in 4500 2.2E-4

OSHA Rat Oné-Wit, Without Mammary Tumors

Raw Potency 6/10,000 1 in 1700 6.0E-4
Underest. 0.4/10,000 1 in 23000 4.4E-5

OSHA Rat, Two Stage model, without Mammary Tumors

Raw Potency 5/10,000 1 in 2000 ' 5.0E-4
Underest. . 5/10,000 1 in 26000 . 3.9E-5

3.1.1.3 Effect of Using Biologically Effective
Dose on OSHA's Risk Estimates

A more significant adjustment is made to OSHA's
estimates based on current knowledge regarding
butadiene metabolism in rodents and monkeys (Dahl
et al 1990), and relative enzyme activity between
rodents, primates and humans. (Appendix 1) The
latter data suggest human metabolism likely is
more similar to the primate than the mouse. ~

The mutagenic epoxide metabolites of butadiene are
the primary suspected carcinogens. (Appendix 2) As
such, the appropriate dose measure for
interspecies extrapolation is likely to be related
to the epoxide concentrations in the organisms.
For a given exposure to butadiene, the epoxide
level in the mouse is considerably greater than in
the monkey, and rat. According to the data of
Dahl et al (1990), this ratio could be between 2
and 3 orders of magnitude, with a mouse to primate
ratio of 590/1 at the exposure concentration

000263
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corresponding most closely to 2 ppm. Although the
appropriate factor for humans has not been
determined with certainty, factors in this range
would be supported from relative enzyme activity
across species (Appendix 1). The factor of 590 was
therefore used to delineate likely lower bounds on
the mouse based risks from the models. A factor
of 40 was indicated as the likely rat to primate
factor to use in delineating the lower bound on
rat based risks. The procedure for making this
adjustment is detailed in Table 6. The reductions
in risk estimates using blood epoxide levels as
the biological effective dose (BED) are
substantial and are summarized below.

The corresponding adjustments to the OSHA mouse
based risks show. for hemangiosarcoma, a risk of 9
in 1 million(Table 3, lines 7,8) and for poocled
tumors, risks of 32 in 1 million (Table 3, line
15) and 7 in 10 billien (Table 3, line 16) for the
one and two stage models respectively.

REVISED RISK ESTIMATE AFTER ADJUSTING FOR
BIOLOGICAL EFFECTIVE DOSE-MOUSE

Same Risk Expressed in 3 Notations

OSHA Best Estimate-Mouse Hemangiosarcoma

Raw Potency 51/10,000 1 in 200 5E-3
Retention ~ %/10,000 1l in 2000 = 5S5E-4
Underest. 2.6/10,000 1 in 3800 2.6E-4
BED 0.09/10,000 1 in 110,000 9E-6

OSHA Mouse Pooled Tumors-2 stage model

Raw Potency 2/10,000 1 in 5000 2E-4
Retention 0.02/10,000 1 in 500,000 2E-6
Underest. 0.006/10,000 1 in 1,600,00 6.2E~7
BED 7E-6/10,000 1 in 1.4E+9 7E-10

OSHA Mouse Pooled Tumors, One-Hit Mcdel

Raw Potency 183/10,000 1 in 55 1.8E-2
Retention 18/10,000 1 in 550 1.8E-3
Underest. 9/10,000 1 in 1100 9.2E-4
BED 0.32/10,000 1 in 31,000 3.2E-5

For pooled rat tumors including mammary tumors,
OSHA risk estimates would be reduced to about 1 in
6,600 (Table 5, line 5) and 1 in 28,000 (Table 5,
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line 6) for their one and two stage models,
respectively.

REVISED RISK ESTIMATE AFTER ADJUSTING FOR
UNDERESTIMATION-RAT

Same Risk Expressed in 3 Notations

OSHA Rat One-Hit, With Mammary Tumors

Raw Potency 115/10,000 1 in 87 1.1E-2
Retention 42/10,000 1 in 238 ' 4.2E-3
Underest. 9/10,000 1 in 1100 2.9E-3
BED 1.5/10,000 1 in 6600 1.5E-4

*

OSHA Rat, Two Stage model, with Mammary Tumors

Raw Potency 29/10,000 1 IN 344 2.9E-3

Retention 10/10,000 1 in 1000 1E-3

Underest. 2.2/10,000 1 in 4500 2.2E-4
1 in 28,000 3.6E-5

BED 0.36/10,000

Utilization of all the information and using a
weight of the evidence approach, both the rat and
the mouse based risk estimates indicate risks less
than 1 in 1000 for the occupational scenario of 2
ppm. In fact the risk may be quite small given
the uncertainty about the relevance of the mouse
to man and the low risks predicted by the male rat
response.

3.2 INDEPENDENT ALTERNATIVE RISK ASSESSMENT BASED ON NTP-
II AND IISRP STUDIES

In this section, independently developed potency estimates
for butadiene are calculated based on unaudited NTP-II mouse
data, and rat data from the IISRP study. Use is made of
published data relating to retention data in rats and mice
(Bond et al,1986), pharmacokinetic behavior of butadiene in
mice, rats and monkeys (Dahl et al 1990), and relative
enzyme activity across species (Appendix 1). The calculated

risks are compared with those derived by OSHA (1990) .

As will be discussed later in greater detail, the risk
assessment based on NTP-II is a preliminary screening
analysis using summary data. (Appendix 3) The dose-response
data used for modeling is summarized in Tables 7 through 11.
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3.2.1 MODELS AND ASSUMPTIONS

OSHA restricted its choice of models to the Multistage
and One-hit Models in its analysis of the NTP-I and
IISRP studies. To the best of our knowledge, no
modeling results have been reported to date for the
more recent NTP-II mouse study.

The summary data in the NTP-II report presented the
results either by individual tumor type or total
malignant tumors. While an analysis based on total
malignant tumors without malignant lymphomas would be
needed to examine the impact of the retrovirus related
malignant lymphomas (see Appendix 4) on the risk
estimates, it was not possible from the available
summary information. It is recognized that additional
dose-response modelling using individual animal data is
needed to more fully explore the risk estimates from
NTP-II.

Interpretation of the tumor response in the mouse
presents a challenge. It is likely that more than one
tumorigenic mechanism is at work in the variety of
tumors observed. The malignant lymphomas are likely to
be linked to a large extent with a threshold-like
mechanism related to activation of an endogenous
retrovirus. The short term STOP-exposure experiments
(Table A3-2, Appendix 3) demonstrated that high dose
level over a short time was more potent in inducing
lymphomas than the same cumulative dose over a longer
period. The hemangiosarcomas may also be linked in
some way to the retrovirus (Appendix 4), and the dose-
response in female mice suggests a threshold or non-
linear response between 200 and 63 ppm.

The implications of having both threshocld-like and non-
threshold-like mechanisms is that all the models used
herein for dose-response extrapolation assume non-
threshold behavior. Therefore, including the total
spectrum of tumor types most likely overestimates the
risk especially at low exposure levels.

3.2.1.1 QUANTAL MODELS

Quantal models are so called because they deal
only in proportions. They do not allow use of time
information in latency and tumor progression. They
are the most common type of model applied and
include the Multistage, Linearized Multistage
(LMS) and One-hit models used by OSHA.
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The IMS in fact is not a model but rather a
bounding procedure for the Multistage model in
which the linear term is forced to its maximum
positive value consistent with the data at the 95%
confidence level. It therefore provides an upper -
95% confidence level for the true risk at low
doses assuming the model is the true model. This
procedure is notably insensitive to the form of
the data being modeled and tends to give high
estimates for the potency compared to other
models. The IMS procedure increasingly is becoming
viewed as unrealistic and unreasonably
conservative. A similar procedure can be used to
estimate the lower 95% bound on risk. The distance
between these bounds is a measure of the tightness
of the risk bounding procedure. A negative value
indicates that, even if the model were correct,
the data is also consistent with the compound
having no low dose carcinogenic activity. Thus,
the Most Likely Estimate (MLE), together with the
lower and upper bounds provides a measure of the
possible range of potencies consistent with the
experimental data; again, assuming the multistage

is the appropriate model.

The multistage and one-hit models were applied in
this independent alternative analysis, but it
should be noted that they are all low dose linear
and, therefore, more conservative than other
possible quantal models like the Weibull, Probit
and Logit. The latter models may well be more
appropriate for tumors exhibiting threshold
behavior. The use of alternative models provides a
range of most likely estimates based on differing
approaches conventionally used to model

‘carcinogenic risk. The resulting range provides a

measure of the possible range of risks, and
addresses the uncertainty introduced by lack of
knowledge concerning the true model.

From the possible quantal models which could be
applied, this analysis has restricted itself to
those models used by OSHA. The multistage model
was applied to hemangiosarcoma and pooled
malignant tumors in mice and pooled tumors in
rats.

3.2.1.2 TIME TO TUMOR MODELS USED TO MODEL
NTP-II

Time to tumor models more fully utilize available
information and characterize the latency and onset
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of tumors as a function of the dosing pattern.
Such models are also capable of distinguishing the
differences between early and late tumor onset

which provides another criterion for severity of
effect.

Ideally, to fully utilize such models, individual
animal records must be available; however, in this
analysis crude time to tumor data consisting of
early deaths to 40 weeks, 40 week interim
sacrifice, deaths to 65 weeks, 65 week interim
sacrifice, deaths to 104 weeks and terminal
sacrifice were used in-lieu of individual animal
data.

The incidence of pooled malignant tumors in the
female NTP-II mice was modeled using the
Multistage-Weibull time to tumor model. The
resulting hypothetical risk to a person exposed
to 2 ppm for the occupatiocnal exposur~ <«cenarios
was then calculated.

3.2.2 PHARMACOKINETIC PARAMETERS USED IN ALTERNATIVE
RISK ASSESSMENT.

A range of risks were calculated based on the various
measures of dose with and without the pharmacckinetic
adjustments described earlier in Sections 3.1.1.1,
3.1.1.2 and 3.1.1.3. The human retention efficiency
for butadiene was assumed to be 10%.

Based on the ratios of epoxide levels across species,
risks were based on "corrected butadiene retained",
assuming mouse and rat epoxide levels of 590 and 40
times respectively, than that of a human exposed at 2
ppm. These are the same factors applied earlier to
adjust the OSHA estimates of risk based on NTP-I. This
Procedure involved calculation of the risk to a "human
size" mouse exposed to 2 ppm for 45 years using
butadiene retained as the dose measure (Table 4). The
relative difference in blood epoxide ratios were then
applied to correct for the relative human epoxide dose.
However, the use of NTP-II data rather than NTP-I also
allows the direct use of epoxide as the dose measure in
the modeling. This is because the Dahl et al, ( 19%0)
data were developed in the exposure range covered in
NTP-II, therefore little extrapolation is required
beyond the conditions of the Dahl experiments. The
relationship between exposure concentration, butadiene
retained and epoxide in blocod is summarized in Table 12
and Figure 2. Details of how epoxide in blood was
calculated from the Dahl et al data are given in Table
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13. Potential risks are then estimated assuming human
blood levels would be similar to that in the monkey.

All results are presented as risks for the maximally
exposed individual assumed by OSHA. This person is
exposed for 250 days per year, 8 hours per day for 45
years out of an assumed 74 year life. Results are
presented based on the NTP-II mouse study (Table 14)
followed by the IISRP rat study (Table 153).

3.2.3 RISK ESTIMATES FROM NTP-II MOUSE STUDY

In the following 2 sections the risk estimates based on
pooled malignant tumors and hemangiosarcoma from the
NTP-II biocassay are presented. The pooled mallgnant
tumors predicted a risk of 1 in 4000 using the time to
tumor model, the highest risk of any combination of
tumors examlned in a screening analy51s and represents
a conservative case. The hemangiosarcoma case was

selected to compare with OSHA's analysis.

3.2.3.1 Risk Estimates Based on Pocled Tumors:

When butadiene retained is utilized as the dose
measure, modeling of pooled tumors in NTP-II (Table 14)
results in estimates similar to those of OSHA based on
NTP~1 (Table 3). The Multistage-Weibull time-to-tumor
model and using butadiene retained (Table 14, line 18)
indicates a raw potency risk almost identical to that
of OSHA (approximately 180 per 10,000} for 45 years
exposure at 2 ppm. However, this estlmate does not take
into account the pharmacokinetic behavior of butadiene
and considerably lower risks are indicated when the
epoxide metabolites are used as the surrogate for the
biologically effective dose. As discussed earlier, this
was accomplished in two ways for NTP-II data. Based on
pooled tumors the Multlstaqe-Welbull time-to-tumor
model calculated risk falls to 3 in 10,000 using
butadiene retained with the epoxide correction (Table
14, line 19). Using epoxide directly in the modeling
resulted in a similar risk of 2 in 10,000 (Table 14,
line 20). The quantal Multistage model indicates
somewhat higher risks whether 1 or 2 stages are fitted
with risks ranging from 10 in 10,000 to 5 in 10,000, as
indicated in Table 14, lines 15 and717.
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SUMMARY OF RISK ESTIMATES FROM NTP-II, FEMALE, POOLED
TUMORS, TIME TO TUMOR MODEL

Same Risk Expressed in 3 Notations
Raw Potency 180/10,000 1 in 56 1.8E~-2
Corrected for: :
Butad. retain. and
Epoxide 3.3/10,000 1 in 3000 3.3E-4
Epoxide direct 2.4/10,000 1 in 4200 2.4E-4

SUMMARY OF RISK ESTIMATES FROM NTP-II, FEMALE, POOLED
TUMORS, MULTISTAGE, 2 STAGE

- Same Risk Expressed in 3 Notations
Corrected for:

Butad. retain. and
Epoxide 3.9/10,000 1 in 2500 3.9E-4
Epoxide direct 2.9/10,000 1 in 3400 2.9E-4

SUMMARY OF RISK ESTIMATES FROM NTP-II, FEMALE, POOLED
TUMORS, MULTISTAGE, 1 STAGE

Same Risk Expressed in 3 Notations
Corrected for:
Butad. retain. and
Epoxide 9/10,000 1 in 1100 9.1E-4
Epoxide direct 4.8/10,000 1 in 2100 4,8E-4

3.2.3.2 Risk Estimates Based on Hemangiosarcoma

OSHA's best estimate nf risk (51/10,000) was based on a
twe-stage f£it to the NTP-I data (Table 3, line 2).
Modeling of NTP-II indicates that this is a
considerable overestimate of the risk. There was no
hemangiosarcoma response in the NTP-II study at either
6.25 ppm or 20 ppm and only a single response at 62.5
rpm (Table 9). As a result risk estimates were less
then 1 in 145 million (Table 14, lines 1 and 2).
Survival at 20 ppm and above was statistically
different from controls, which raises the possibility
of animals dying before expressing the tumor. We can
examine the effect of this by assuming a massive and
unlikely response at 20 ppm of 90%. The result, using
butadiene retained as the dose measure, was a risk of
cnly 5 in 10,000 (Table 14, line 7). Using butadiene
retained with the epoxide correction or using epoxide
directly as the dose measure results in a
disproportionate lowering of the risk to considerably
less than 1 in a million (estimated 1 in 16 million)
due to the quadratic response (Table 14, line 8). A
less than quadratic response is unlikely as mortality
was not affected at 6.25 ppm. 000276
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The range of risks from the various models (Multistage
and Multistage-Weibull), dose assumptions and tumor
end-p01nts selected from NTP-I and NTP-II are presented
in Tables 3 and 14, respectively. The estimates span
16 orders of magnitude. A cumulative distribution of

‘the calculated risks based on mice is shown in Figure

3. Approxlmately 80% of the estimates are below the
OSHA best estimate. Only 2 of the cases predict more
risk than OSHA's best estimate, while 34 of the cases
predict less risk with 10 cases predicting risk 2 or
more orders of magnitude smaller. Based on the unique
response of the mouse it is concluded that the real
risk is less than 1 in 1000 and may be as low as 1 in a

~1,000,00C or lower.

3.2.4 RISK ESTIMATES BASED ON IISRP RAT STUDY

The industry sponsored rat study is discussed in
Appendix 5. Results are summarized in Table 15 and
Figure 4. .

The results for rats are based on the tumor counts
summarized by Environ (1986). There is considerable
debate as to the relevance of the rat mammary
fibroadenomas to human risk. Such non-malignant tumors
were considered in this analysis as providing possible
upper bounds on the risk. Risks were therefore
calculated using female rat responses both including
and excluding the mammary tumors. It may be that the
enhanced level of naturally occurring mammary gland
tumors represents a promotional effect due to the 1000
and 8000 ppm high doses used in the rat study; a
response unlikely to be seen at low exposures such as 2
PPM: Pooled tumors in males were also used to generate
possible risk estimates.

U51ng butadiene retained, the highest risk obtained was
8 in 10,000 for rat female tumors including mammary
flbroadenomas (Table 15, line 1). This resulted from
dropping the high dose and fitting a one-hit meodel
(multistage with one stage). The high dose was dropped
because both the 1000 ppm and 8000 ppm group had
similar high incidence of mammary gland tumors. The
corresponding OSHA risk was 115 in 10,000 (Table 5,

line 1). The difference was primarily due to the use in
the alternative analysis of current retention data and
the observations of Hattis and Wasson (1987) regarding
underestimation of rat doses. Fitting a two stage model
lowered this analysis' and OSHA risks to 2 (Table 15,
line 2) and 29 (Table 5, line 2) per 10,000,
respectively. Adjusting OSHA risks to reflect current
understanding of animal and human retention of
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butadiene gave a risk of 2 per 10,000 (Table 5, line
4), similar to the results in the alternative analysis.

Using epoxide as the measure of biologically effective
dose suggested risks are probably much lower.
Calculations using epoxide as the dose measure yield
risk estimates smaller than 3 in 100,000 (Table 15,
line 4).

SUMMARY OF RISK ESTIMATES FROM IISRP~-RAT, FEMALE,
POOLED TUMORS WITH MAMMARY TUMORS, ONE~HIT MODEL

Same Risk Expressed in 3 Notations
Corrected for:
Retention and
underestimat. . 7.8/10,000 1 in 1300 7.8E-4
Blood epoxide 1.3/10,000 1 in 7600 1.31E~4

If mammary tumors are not relevant, then risks are
calculated to be at least an order of magnitude lower
(Table 15, line 5 and 6). Use of male data indicates
risks of the order of 1 in a million (Table 15, line 7
and 8).

SUMMARY OF RISK ESTIMATES FROM IISRP-RAT, FEMALE,
POOLED TUMORS WITHOUT MAMMARY TUMORS, ONE-HIT MODEL

Same Risk Expressed in 3 Notations
Corrected for:
Retention and
underestimat. 0.5/10,000 1 in 19,000 5.3E-5
Blood epoxide 0.086/10,000 1 in 110,000 8.6E-6

Application of alternative models would be expected to
widen the range of possible risks indicated, but
generally in the direction of lower risk. Higher risks
were often predicted as a result of dropping higher
dose levels and using one-hit models.

The range of risks based on the different dose
assumptions, tumor types and model stages for rats are
presented in Table 15. The estimates span over 4 orders
of magnitude. A cumulative distribution of the
calculated risks based on rats is shown in Figure 4.
Approximately 90% of the estimates are smaller (less
risk) than the OSHA favored estimate. The weight of
the evidence from the rat based risk estimates predicts
the risk to man is less than 1 in 1000 and may be as
small as 1 in 1,000,000. Of the 2 rodent species, the
metabolism data indicates that the rat is the more
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relevant to man and should be given greater weight in a
weight of evidence conclusion.

4.0 REPRODUCTIVE TOXICITY

The ovarian atrophy observed in the mouse is considered to
be extraordinary and unique to the female mouse ovary
because of the high levels of butadiene epoxide formed by
the mouse. (Appendix 1 and 6) Epoxides of related chemicals
also affect the mouse ovary but not the rat ovary. This
effect is not seen in the rat or any other species. There
is no evidence of functional abnormalities in butadiene
exposed animals in reproduction studies. The available
evidence suggests that this mouse ovarian effect is not a
hazard for exposures to 2 ppn.

5.0 SUMMARY

The range of risks based on both rats and mice based on
different dose assumptions, tumor types and models are
summarized graphically in Figure 5. The estimates span 16
orders of magnitude. A cumulative distribution of the
calculated risks is shown in Figure 5. Approximately 90% of
the estimates are smaller (less risk) than the OSHA "best®
estimate. The mouse based risk estimates tend to be higher,
and because the rat is more relevant to man the rat should
be given greater weight.

As a result of this analysis, there is a high confidence
that occupational risk from exposure to butadiene at 2 ppm
for 45 years is below 1 in 1,000, and is likely-to be '
considerably lower and may be insignificant.
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TABLE 1

ASSUMPTIONS USED IN CORRECTING OSHA RISK ASSESSMENT

MOUSE WEIGHT .03 KG

INHALATICON RATE 0.052 H3/DAY

RAT WEIGHT .35 KG

INHALATION RATE 0.29 M/DAY

HUMAN WEIGHT ) 70 KG

INHALATION RATE 9.6 N3/8 HOUR WORKING DAY

EXPOSURE 45/74 YEARS, 250/365 DAYS PER YEAR

& HOURS PER DAY
MOUSE RETENTION EFFICIENCY:

RANGE 0.8 - 1,000 PPM:

LOG(X RETAINED) = 1.30 - 0.226LOG(CONC PPM) RS = 0,995 .
(CALCULATED FROM DATA OF BOND (1986)

RAT RETENTION EFFICIENCY:

2 PPM: 5% (FROM BOND DATA)

625-1250 PPM AS EPA/ENVIRON

HUMAN RETENTION EFFICIENCY: 10X (MATTIS AND WASSON/BOND ET AL)

WORKER DOSE AT 2 PPM FOR 45 YEARS: D.025 MG/KG/DAY LIFETIME AVERAGE

MOUSE DOSE AT 2 PPM OCCUPATIONAL CONDITIONS: 0.26 MG/KG/DAY LIFETIME AVERAGE (NORMALIZED BY §.4M3/20M3 FACTOR}
(THIS DOSE [S USED TO CORRECT FOR EPOXIDE RATIO OF 590 : EQUIVALENT DOSE = 0,26/540 = 4.4E-4 mg/kg/d)

RAT DOSE AT 2 PPM OCCUPATIONAL CONDITIONS : 0.0386 MG/KG/D LIFETIME AVERAGE (NORMALIZED BY 9.6M3/20M3 fACTOR)
(THIS DOSE IS USED TO CORRECT FOR EPOXIDE RATIO OF 40 : EQUIVALENT DOSE = 0.034/40 = 9.1E-4 ma/ka/d)
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DOSE-RESPONSE DATA FROM NTP-I USED BY OSHA* FOR FEMALE MICE

Dose (ppm) Y
Dose (mg/kgsd lifetime) 0
Pocled Tumors 3747
Heart Hemangicsarcomas 0/47

Parameters of fitted multistage model:

Extra Risk = 1 - exp-(ql*d + qZ*dz)

TABLE 2

625

16.16

23738
11/38

where d = lifetime average retained dose (mg/kg/day)

q1 (maskg/dy” ]

Q2 (mg7ke/d)2 = 0 by definition for One-hit model.

Results:

Pooled Tumors:

One-hit :.ql = 0.074;

Two stage : q1 = 0; g2 = 0.0033
Hemangiosarcomas

One-hit : ql = 0,021

Two stage : q1 = 0.023; q2 = 0.0004

Female Rats Pooled Tumors:

Dose (pem) 0
Dose (ma/kg/d Lifetime) 0
With  Mammary

Fibroadenomas 40799
Without Mammary /90
Fibroadenomas

Parameters of fitted multistage modet:
With mammary fibroadenomas:

One-hit
Two stage

-
H
-
-

gl = 0.04;: q2 = 0;
Without mammary fibroadenomas:

One-hit : ql = 0.008
Two stage 3 g1 = 0.007; q2 = 0.00005
* OSHA (1990)

ql = 0.166-|Iigh Dose Dropped;

et
4785

e s talate

N o ot e e

1250
23.81

41745
18745

8,000
2.13

72/96
15/82
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N.A.

TABLE &

RESPIRATORY RETENTION OF BD IN RATS AND MICE*

EXPOSURE CONCENTRATION

{ug/L) ppm
0.14 0.08
1.4 .8
13 ) 7
130 70
1800 1,000
13,000 7,100

Taken from table 2 of Bond et al (19886). The mouse retention for

7 pem was erronecusly Listed as

Not Available

N

PERCENTAGE RETAINED AT & HOURS

RATS _ MICE
17 16

[ 20

& 13.3
8 8
2.5 4
1.5 N.A.

20X in the paper,

e Rt
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TABLE &
ADJUSTMENT OF OSHA RISKS
A. Adjustment for Overestimation of Human Retention

At 2 ppm, OSHA assumed the mouse retention efficiency was 100% and the rat retention efficiency was 28%. This
was based on their regression equation based on older Bond data. The new data indicates retention efficiencies
of 17% and 5% at 2 ppm for mouse and rat, respectively. The data of Hattis and Wasson suggests 10% may be
apprpriate for humans. This figure is intermediat beween the rat and mouse data and we take 10% as representing
human retention efficiency. -

The Equivalent human dose for input to the OSHA model is Listed in Table 20 of the OSHA Notice. These are based
on rat and mice retention efficiency and therefore require adjusting based on our assumption of 10% human
retention. For example, based on mice at 2 ppm, OSHA estimated the human dose at 0.25 mg/kg/d, assuming 100%
absorption based on their erroneous regression equation. This should be adjusted to 0.025mg/kg/d based on 10%
in humans. Similarly, based on rats, a human dose of 0.07 mg/ky/d is calculated assuming humans are iike rats
and absorb what OSHA mistakenly calculates rats absorb (28%). Updated Bond data indicate only 5% for rats at
2 pem. We apply the more appropriate factor of 10X instead to give a dose of 10/28%0.07 = .025 mg/kg/day.

The modified doses are simply re-entered into OSHA's multistage equations.

B. Adjustment for Underestimate of Animal Dose

According to Hattis and Wasson (1987), the doses to mice and rats in NTP-1 were underestimated by a factor of
2-4.5. The OSHA multistage parameters are corrected tg reflect this:.

The OSHA multistage equation parameters used to caleulate extra risk are gl and 52. 1¢ the factor by which dose
is underestimated is x, then q1 is modified to g1/x and q2 is modified to q2/x".

c. Adjustment for Epoxide as Relevant Dose Measure

where a risk based on BD retained is modified based on epoxide, the following procedure was followed. The dose
of BD retained to 8 “worker mouse" exposed for 45 out of 74 "mouse years" was calculated. Thus, at 2 ppm, mouse
BD retained is simply: .

2ppm x 2.2 mg/m3/ppm x 1.73 m3/kg/d x 9.603/20m3 x 250d/365d x 45y/T4y X 0.17 retention = 0.26 mgskg/d

This level of BD retained is equivalent to a certain blood level jn the mouse. 1f the corresponding i{evei 1n
man is 590 times less, as oahl'z data indicate, then the effective dose of bd retained for the human is equal
to 0.26 mg/ka/d/590 = 4.4 x 107" mg/kg/d. This human dose was then input to the original OSHA models in Tabte
21 of the Notice. :

The corresponding adjustment based on the rat is as follows:

For the “worker " rat, the lifetime average BO retained is given by:

2ppm x 2.2 mg/m3/ppm x 0.83 m3/kg/d x 9.6m3/20m3 x 250d/365d x 45y/Thy % 0.05 retention= 0.0354 mgskg/d

This itevel of BD retained is equivalent to a certain blood tevel in the rat. 1f the correspording level in man
is 40 times less as looks probable from the da_tz of Dahl et al, then the effective dose of BD retained for the

human is equal to 0.0384mg/kg/d/40 = 9.1 x 10 " mg/kg/sd. This human dose was then input to the original OSHA
models in Table 21 of the Notice.

Coonlw 300287



TABLE 7

QUANTAL DOSE RESPONSE DATA FROM NTP-I1
POOLED MALIGNANT TUMORS

Dose (ppm) 0 6.25 20 2.5 200 625
Dose (mg/kg/d lifetime) O .56 1.38 3.32 8.17 20.0

Pooled Tt.mors1

17759 3BILS  L1/ST L4760 SE/TD T9/90
© Parameters of fitted multistage model: ‘

Extra Risk = 1 - exp-(qi*d + qZ“dzl
where d = Lifetime average retained dose (mg/kg/day) or epoxide in blood (pmoi/ml)

* L
Results:

Pooled Tumors:

mg/kg/d basis:

One-hit
Two stage

ql

2.06 (mg/kgld)"lrl 2 dose levels
ql

0.881 (mgskg/d)” ' ; q2 = 0; 3 dose levels

o

epoxide in blood basis

One-hit : g1 = 0.0134 cpuoumu:}, 2 dose levels
Two stage : ql = 0.0079 (pmol/mi) g2 = 0; 3 dose levels
1 Corrected for time of first tumer. See Table 6
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TABLE 12

RELATION BETWEEN EXPOSURE DOSE AND ASSORBED DUSE

MQUSE :
DOSES IN NTP-II LIFETIME AVERAGE
CONCENTRATION 8D RETAINED! EPOXIDE IN BLOOD?
PPM : (MG/KG/D) (PMOLE/ML)
0 0 0
6.25 0.5% as
20 1.38 152
62.5 3.32 306
200 8,17 805
RATS :
EXPOSURE CONCERTRATION . EQUIVALENT LIFETIME AVERAGE
ABSORBED DCSE
PPM MG/KG/DAY
0 0
1,000 ' B
8,000 27.5
1 Calculated from a regression equation fitted to the 8ond et al (1986) data.
The equation is (base 10): log(percent bd retained) 5 1.30 - 0.226l0g9(bd concentration
in ppm) Respiratory parameters assumed were 0.052 n;slday and a body weight of 0.03kg.
2 Calculated from data of Dahl et al (1990) by linear interpolation and extrapolation.
See Table 11. .
3 From Environ (1985)
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TABLE 13

CALCULATED MOUSE EPOXIDE BLOCD LEVELS FOR GIVEN E)(F’CISURE.l

BO CALCULATED EQUIVALENT
EXPOSURE EPOXIDE LIFETIME
CONC BLOOD AVERAGE METHOD OF CALCULATION
PPM {EVEL LEVEL
(PMOL /ML)
] 0 0
2 154 28 LINEAR EXTRAPOLATION: 2/7.8 X &00.6
6.25 481 86 LINEAR EXTRAPOLATION: 6.25/7.8 X 600.5
?.8. 600.6 107 DAHL DATA POINT (77 pmol/mi/ppm x 7.8 = 600.56 pmol/mi)
20 849 152 LINEAR INTERPOLATION: EPOXIDE = &00.6 + 20.33 X (20-7.8)
62.5 1713 306 LINEAR INTERPOLATION: EPOXIDE = &00.6 + 20.33 X (62.5-7.8)
78 2028 362 DAHL DATA POINT (26 pmo;/mi/ppm x 78 ppm = 2,028 pmol/mi)
200 4508 805 LINEAR EXTRAPOLATION: EPOXIDE = 600.6 + 20.33 X (200-7.8)
625 13148 2348 LINEAR EXTRAPOLATION: EPOXIDE = 600.6 + 20,33 X (625-7.8)
1 Calculated from Dahl et al (1990) Table 4: This Table indicated normalized blood levels of epoxide in

mice of 77 pmol/ml/ppm at 7.8 ppm and 26 pmol/ml/ppm at 78 ppm. These tevels were used in the table
above to estimate epoxide levels at other exposure concentrations. The concentrations apply to a 2 hour
exposure,

2 Epoxi‘de {evel during eposure X 6h/24h X Sdays/7days
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APPENDIX 1: METABOLISM AND PHARMACOKINETICS

The generally accepted premise that epoxide metabolites are
the agents responsible for BD induced mutagenicity and
carcinogenicity carries with it the opportunity to express
the dose response curve in terms of the bioclogically
effective internal dose. Such calculations are now possible
and should be performed in order to get a more accurate and
informed descrlptlon of the dose/response relationship in
each species.

OSHA used BD retained in the carcass after 6 hours exposure
as their measure of dose to allow 1nterspec1es
extrapolation. This data was obtained in independent
experiments. In the absence of other information, this is a
reasonable approach. The primary drawbacks are:

1) It is unlikely that BD is the biologically active
agent.

2) The BD dose measure was BD retained ("retention
following 6 hours"). This was an underestimate of
the actual BD dose received.,

3) The older data on which OSHA depended to estimate the
retention efficiency is flawed and has been recently
updated by the original authors.

These factors and their implications and use in risk
assessment based on NTP-I, NTP-II and the IISRP rat study
are fundamental to the analysis.

It is unllkely that BD is the bioclogically active agent.
There is general consensus that metabolic epoxide products
are responsible for the carcinogenic activity. A better
measure of dose would be the amount of this bioclogically
active material.

There are sufficient data to support use of the epoxide as a
dose surrogate. There have also been sufficient
experimental data on respiratory uptake, distribution,
metabolism and enzyme activity across species to allow the
use of epoxide levels in estimating possible risks to
workers (Bond et al, 1986; Dahl et al, 1990; Schmidt and
Loeser, 1985; Lorenz, et. al., 1984).

The recent studies of Dahl et al (1990) in monkeys, rats and
mice have shown strikingly different blood levels of epoxide
metabolites across these species. Mice and rats were
exposed for 6 hours to 8 ppm or 80 ppm BD and monkeys were
exposed for 2 hours to 10 ppm BD. The resulting epoxide
levels in the blood, normalized to account for differing

e W L e
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APPENDIX 1, CON'T 2

axposure conditions, indicated mouse levels from 200 to over
590 times that of the monkey and 5 to 40 times that of the
rat. Interspecies extrapolation can be performed based on
these relative epoxide levels corresponding to the amount of
BD retained at exposure levels of occupational interest. The
OSHA dose measure of BD retained (calculated from the
updated 1986 Bond paper) was used to calculate the risk for
a mouse or rat exposed at 2 ppm under occupational
conditions. The human risk was then estimated from the ratio
of epoxide expected in a monkey to that in a mouse or rat at
2 ppm. Although the appropriate epoxide ratio for humans is
unknown, it is likely that from the in vitro relative enzyme

‘activity data that the human.will respond more like a
‘monkey.  Accordingly, factors of 40 and 590 based on the rat

and mouse respectively were used to delineate possible lower
bounds on the risks from the models.

Metabolism and excretion in the mouse and rat studies
continued after each 6 hour exposure raising the possibility
that use of BD retained at this time as the dose measure may
have overestimated the amount of BD processed. On the other
hand, there was undoubtedly continued metabolism and
excretion occurring during the exposure leading to a
possible underestimate of the amount of BD processed. Hattis
and Wasson (1987) addressed this problem with the aid of a
pharmacokinetic model. They concluded that in the NTP-I
study the BD retained at 6 hours was an underestimate of the
actual dose by a factor of 2 in the mouse and 4.5 in the
rat. This knowledge was used to modify the OSHA estimates
based on the NTP-I mouse and IISRP rat accordingly. However,
such factors have not been utilized in this analysis of the
NTP-II mouse as Hattis and Wasson did not model the low dose
situation pertinent to NTP-II.

Hattis and Wasson also concluded that their models indicated
that both human absorption and metabolite formation at low
doses is likely to be lower than assumed by EPA. As OSHA
assumed even higher absorption than EPA, this conclusion
applies in particular to the OSHA calculatlons. The PBPK
model indicated humans would likely exhibit a 10% retention
efficiency at 2 ppm rather than the 100% assumed by OSHA.

The latter factor is supported by the animal data of Bond et
al (1986) shown in Figure 1 and Table 1. The Bond data was
used in determining the animal BD retained dose in NTP—II.
The older data was apparently sufficiently accurate to
determine animal BD retained for the high exposures of NTP-I
but should not be extrapolated to low doses.

OSHA risks were adjusted to reflect this lower retention in
humans assuming the 10% factor suggested by the
pharmacokinetic analysis and the animal retention data.

PR 000305
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APPENDIX 1, CON'T 3

Finally, Shell agrees with OSHA that dose-response
relationships are likely to scale according to body weight

assuming the appropriate active species is identified.

The appropriate dose scale to use is determined by the
biclogically effective quantity of material at the target
organ of interest and may not bare a simple relation to
amount of paremt material inhaled and bodyweight. Shell
believes the latter statement is demonstrably true for BD in
mice and rats. Shell believes that pharmacokinetic data and
the observed systemic distribution of tumors implies that
concentration of the biologically active species in body
fluids is the appropriate dose measure. This in turn
supports the selection of bodyweight for scaling purposes.
Bodyweight scaling is also consistent with analyses of
correlations between observed potencies in animals with
epidemiology data (Crouch and Wilson, 1979; Allen et al,
1988).

OSHA risks have been further adjusted to reflect this
information on the biologically active species.

To summarize, there is now sufficient interspecies
pharmacokinetics information available to include three
factors in a most informed risk assessment for BD:

(1) The use of updated animal retention data for
BD after inhalation exposure (Bond et
al,1986) and pharmacokinetic data predicting
human retention (Hattis and Wasson,1987).

(2) Adjustment of retention values in rats and
mice because of metabolism occurring during
the 6 hour exposure period (Hattis and
Wasson, 1987).

(3) Adjustment for internal dose of BD epoxides
rather than the relatively nonmutagenic BD
parent compound based on the work of Dahl et
al (1990).
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APPENDIX 2: EVIDENCE FOR ADDUCT FORMATION AND MUTAGENICITY
OF BUTADIENE EPOXIDES

It is important to acknowledge that all present evidence
implicates butadiene epoxides, as the putative toxic agents
responsible for the mutagenic and carcinogenic action of
butadiene in rodents.

In in-vivo experiments, repeated exposure of B6C3F1 or NIH
Swiss mice to 1250 ppm of butadiene for 3 - 24 weeks results
in a macrocytic anemia, with a large increase in the
frequency of micronuclei in circulating peripheral red bloocd
cells and in precursor cells in bone marrow (Irons et al.
1986a,b). Irons et al. (1987) treated B6C3F1 and NIH Swiss
mice to a single 6-hour exposure of 1250 ppm butadiene, and
evaluated bone marrow cell preparations for clastogenic
effects at 24, 48, 72, and 96 hours after cessation of
treatment. A comparable high frequency of chromatid breaks,
as well as increases in chromatid and isochromatid gaps in
both strains were observed. Moderate increases in fragments
and chromatid exchanges were noted; however, chromosome-
type abnormalities were not observed. The maximum frequency
of abnormalities in both strains was observed at 24 hours,
and diminished with time.

Other investigators (Cunningham et al. 1986) used a nose-
only inhalation apparatus to expose male B6C3F1 mice and
Sprague-Dawley rats to 100 or 10,000 ppm of butadiene vapor,
6 hours per day, for 2 days. They observed a significant
increase in the frequency of micronuclei and sister
chromatid exchange (SCE) in the bone cells of mice at both
doses, but no apparent effect on these measures in rats.

Tice et al. (1987) found that exposing male B6C3Fl mice to
6.25 ppm and higher of butadiene vapor (6 hours per day, for
10 exposure days during a 15-day pericd) induced a
significant increase in the frequency of SCE in bone marrow
cells. A 62.5 ppm exposure produced a significant increase
in micronuclei in circulating polychromatic erythrocytes and
a significant lengthening of the average generation time in
the bone marrow. Exposure at 625 ppm induced a significant
increase in chromosomal aberrations, in the relative level
of polychromatic erythrocytes in the circulation, as well as
in the frequency of micronuclei in normochromic
erythrocytes. A trend toward a decreased mitotic index in
the bone marrow was observed in exposed mice. Likewise, the
induction of micronuclei in polychromatic erythrocytes and
of SCE were well correlated with dose.

Evaluating the frequency of micronuclei in circulating
polychromatic and normochromic erythrocytes, Jauhar et al.
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APPENDIX 2, CON'T _ 2

(1988) observed an increase in both sexes of B6C3F1l mice
exposed to 6.25, 62.5, or 625 ppm of butadiene vapor, 6
hours per day, 5 days per week, for 13 weeks.

An atmospheric concentration of approximately 70% butadiene
vapor was shown to be mutagenic in Salmonella strains TAl530
and TA1535 in the presence of a metabolic activation system.
No significant mutagenic activity was seen in strains '
TA1537, TAl1538, TA98, or TAl00 (DeMeester et al. 1978).
Early suggestions that butadiene may be "directly" mutagenic
in the Salmonella assays was later questioned by the-same
research. group (DeMeester et al. 1980; Poncelet et al. 1980)
who suggested that butadiene was metabolized to one or more
volatile, mutagenic derivatives which contaminated the
atmosphere in the incubation chamber and acted on the
bacteria present in the neighboring plates. The metabolites
of 1,3-butadiene responsible for mutagenic activity are
butadiene epoxides and diepoxide (DeMeester et al. 1978;
Gervasi et al. 1985). : '

'To investigate the activity of the putative mutagenic
‘metabolites, Sharief et al. (1986) injected CS7BL/6 mice

with butadiene moncepoxide intraperitoneally (i.p.) at doses
of 10, 25, 50, 100, or 150 mg/kg bhody weight. Three of four
mice injected with 150 mg/kg of the monoepoxide died. The
authors found a dose-related increase in the frequency of
SCE in bone marrow cells, but no effect on replication index
of the marrow except a decrease in the one survivor in the
150 mg/kg group. Butadiene monoepoxide at i.p. doses of 25,

50, 100, or 150 mg/kg also produced a dose-related increase

in several measures of clastogenicity in the bone marrow
(i.e., number of chromatid and chromosome gaps, total
chromosomal aberrations other than gaps, percentage of cells
with aberrations, and the number of aberrations per cell).

Several metabolites of butadiene (including butadiene
epoxides) are chemically reactive, and have been shown to
form covalent adducts with macromolecules (Citti et al.
1984; Gervasi et al. 1985; Kreiling 1986; Laib et al. 1990;
Vangala et al 1987).

Butadiene monoepoxide is a monofunctional alkylating
agent,and has been detected in exhaled air of rats exposed
to butadiene (Bolt et al 1983; Filser et al. 1984). It has
been shown to form covalent adducts with deoxyguanosine and
DNA in vitro (Citti et al. 1984; Gervasi et al. 1985), to be
mutagenic to Salmonella typhimurium (De Meester et al.
1978), and tumorigenic in animal bioassays (Van Duuren et
al. 1963, 1966). Gervasi et al. (1985) have reported that
the half-life of butadiene monoepoxide in Tris buffer (pH
7.4) is 14 hours.
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Butadiene diepoxide is a bifunctional alkylating agent
(Jelitto et al. 1989). It has also been shown to be
mutagenic in bacterial assays (Gervasi et al. 1985), and to
be tumorigenic in experimental animals (McCammon et al.
1957; Weil et al. 1963; Shimkin et al. 1966; Van Duuren et
al. 1963, 1965, 1966; IARC 1976). The half-life of
butadiene diepoxide in Tris buffer (pH 7.4) is reportedly
100 hours (Gervasi et al. 1985).

Butadiene digl-epoxide is a monofunctional alkylating agent,
and is assumed to be capable of reacting with cellular
macromolecules. However, no specific studies of this
metabolite have been identified in the published literature.

These results all confirm that metabolites of BD (epoxides
and diexpoxides) are mutagenic and clastogenic in
experimental systems. The actions of these metabolites have
been most clearly seen in mice.
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APPENDIX 3: DISCUSSION OF TUMORS OBSERVED IN NTP-II MOUSE
STUDY

Because of the magnitude and rapidity of tumor responses
seen in the first mouse bioassay, NTP decided to conduct a
multidose evaluation of the carcinogenic potential of 1,3-
butadiene. 1In this study, groups of 50 male and SO0 female
B6C3F1l mice were exposed to 0, 6.25, 20, 62.5, 200, or 625
ppm of butadiene vapor, 6 hours per day, 5 days per week for
103 weeks. Groups of 10 animals of each sex were similarly
exposed for sacrifice at 40 and 65 weeks.

While the in-life and analytical portions of NTP-II are
complete, the study has not been reviewed by the NTP
Pathology Work Group and therefore full details of this
study have not been fully released by NTP. A final report
is anticipated in 4Q90. However, preliminary indications of
the findings of NTP-II are available from Melnick, et. al.
(19%0a,b).

The preliminary data from NTP-II indicate an increased
mortality among mice exposed to butadiene vapor at
concentrations of 20 ppm and higher. It is not clear at
this time whether the mortality reported at these lower
levels of butadiene vapor is directly tumor-related, or is a
reflection of some other toxicity of butadiene in the B6C3F1
mouse.

PPM 0 6 20 63 200 62

MALES
Survival at 2 yr (%) 70 78 48" 44 8" 0o
Malignant tumors (%) 33 55 62" 68" 73" 8&"
FEMALES .
Survival at 2 yr (%) 74 66 48" 22 o° o0
Malignant tumors (%) 24 63" 68" 63" 80" 88"

In general, the tumor observations of NTP-II confirm those
of NTP-I, an increased incidence of a wide variety of tumors
in the B6C3F1 mouse is associated with chronic exposures to
1,3-butadiene (including thymic lymphoma and hemangiosarcoma
of the heart). These results are summarized in Table A3-1,
but several comments are warranted.

The incidence of lymphocytic lymphomas (assumed to be
primarily thymic lymphoma) in NTP-II is reported to be 69% .
in male and 40% in female B6C3Fl1 mice chronically exposed to
625 ppm of butadiene vapor, that is, male mice appear to be
more susceptible to butadiene-associated lymphomas than are
female mice, consistent with the results of NTP-I. The
incidence of lymphocytic lymphoma in male mice treated at
200 ppm and less was essentially
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baseline, providing a clear demonstration of the dose
threshold for butadiene-associated lymphomas at some level
between 200 and 625 ppm in the mouse. A similar pattern is
seen in female mice, with a marginally significant increase
in lymphoma incidence seen at 200 ppm and a clear response
seen at 625 ppm. These observations are consistent with the
hypothesis that the development of thymic lymphoma in
butadiene-exposed mice is dependent on viral activation - a
toxicological process which requires that some minimum dose
threshold of butadiene be exceeded.

Other Tumors: Statistically increased incidence of a wide
variety of common and uncommon tumors in a total of 9
tissues were seen in B6C3Fl mice exposed chronically to
butadiene vapor levels as low as 6 ppm (lung neoplasms in
female mice). Similar to findings in NTP-I, the high
mortality among bhutadiene-treated mice due to lymphoma
(males), and the combination of lymphoma and cardiac
hemangiosarcoma (females), clearly suppresses the observed
incidence of these other tumors at 625 ppm. This censoring

- of tumor data is less apparent at butadiene concentrations

of 200 ppm and below.

Dose is often expressed in terms of the amount of time (T)
exposed to a specified concentration (C) of the test agent
(e.g., expressed as ppm-weeks of exposure). Melnick, et al
(1990a,b) also included preliminary results from an as-yet-
unaudited NTP-sponsored study in which male B6C3Fl mice were
exposed to various regimens of butadiene exposure, resulting
in equivalent CxT exposures (expressed in ppm-weeks). These
data, summarized in Table A3-2, are discussed in greater
detail later with individual tumor types, but they strongly
suggest that CxT is a poor measure of dose in the
quantitative risk analysis of some of the butadiene tumor
responses in mice. The implications of these findings for
the quantitative risk modeling of epidemiological flndlngs
in butadiene-exposed workers should be noted.

For lymphocytic 1ymphoma, for example, the concentration (C)
of butadiene vapor in the chamber atmosphere seens to be the
more critical factor. As can be seen in the last two
columns of Table A3-2, highly different lymphoma responses
are seen in two groups with equivalent CxT exposures (e.g.,
16,250 ppm-weeks). Animals exposed to 625 ppm for 26 weeks
express 10 times more lymphocytic lymphomas than those
exposed to half that dose for twice as long. Such pattern
is consistent with the hypothesis that a specific threshold
dose must be exceeded to effect viral activation and
lymphomagenesis.

For certain non-lymphoma tumor endpoints, a cursory
examination of the tumor data would suggest that the
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duration of exposure (T) is the more important factor in the
CxT relationship. That is to say, doubling the duration
appears to result in a higher tumor yield in butadiene-
treated animals, in spite of the fact that they are being
exposed to only half the concentration of butadiene vapor
(e.g., hemangiosarcoma in male mice exposed to 625 ppm x 26
wk compared to 312 ppm x 52 wk). This interpretation,
however, may be confounded by a relatively high intercurrent
mortality due to thymic lymphoma in all groups exposed to
625 ppm, and we await further details from NTP on this
study.

SPECIFIC COMMENTS ON INDIVIDUAL TUMOR TYPES IN NTP-II

The following comments are pertinent to risk analysis of the
various observed tumor endpecints of NTP-II and are prepared
in anticipation of doing a complete time to tumor analysis
at a later date using individual animal data.

Lymphocytic Lzmghoma' The 1nc1dence of lymphocytlc lymphoma
in male B6C3F1l mice exposed to 1,3-butadiene in NTP-II

lymphoma was as follows:

0 6 20 63 _200 625  ppm

Male 2/70 1/60 2/60 4/69 2/70 62/90
(3%) (2%) (3%) (6%) (3%) (69%)

Female 2/70 4/60 6/60 3/70 11770 36/90"
(3%) (7%)  (10%) (4%) (16%) (40%)

In male B6C3F1 mice, the occurrence of lymphocytic lymphoma
is substantlally increased in the 625 ppm group, while the
incidence in the 6, 20, 63 and 200 ppm groups are not
different from that in the controls. A similar pattern is
seen in butadiene-treated female B6C3F1 mice, with a small
but statistically significant increased incidence occurring
in the 200 ppm group, and a more profound increase at 625
ppm. Data from the stop-exposure study (Table 4) suggest
that the lymphoma incidence is related to magnitude of the
peak exposure. As discussed in the previous section, this
tumor response is assumed to represent primarily T-cell
lymphomas of the thymus, a tumor which is etiologically
associated with a mouse-specific virus (MulV) which is
apparently activated by butadiene.

Because of the interpretative complication of MulLV, and
because of the threshold pattern apparent in the dose-
response relationship, this high-dose-only mouse response is
not appropriate for low dose extrapolation.
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All Malignant Iymphomas: As discussed in previous sections,
the category "all malignant lymphomas" probably includes the
T- and B-cell lymphocytic lymphomas of the previous
category, as well as reticulum cell sarcoma. The incidence
of all malignant lymphomas in NTP-II was as follows:

0 6 20 63 200 625 ppm

Male 4/70 3/60 8/60 11/69" 9/70" 69/90"
- (6%) (5%) (13%) (16%) (13%) (77%)

Female 10/70 14/60 18/60" 10/70 19/70" 43/90"
(14%) {(23%) (30%) (14%) (27%) (48%)

It is apparent from these data that the contribution of
lymphocytic (especially, T-cell) lymphomas to this category
is substantial. In both the male and female mice of NTP-II,
the lymphoma incidence at 625 ppm are high. Responses in
the 20, 63 and 200 ppm groups, in spite of statistical
significance, are equivocal. _ _ : :

The increased tumor incidence of this category are to a
large extent due to the high incidence of T-cell lymphoma of
the thymus. Therefore, for the same reasons as discussed
above, the data for "all malignant lymphomas" are not
appropriate for low dose risk extrapolation.

Heart, Hemangiosarcoma: Hemangiosarcoma in the heart is a
rare tumor in the mouse, but was seen at high frequency in
the butadiene treated mice of NTP-II.

0 —& __ 20 63 _200 _625 ppm

Male o/70 0/60 1760 5/58" 20/70° 6/90"
(0%) (0%) (2%) (9%) (29%) (7%)

Female 0/70 0/60 0/60 1/59 20/70" 26/90"
(0%) (0%) (0%) (2%) (29%) (29%)

This tumor response appears to follow a conventional dose-
response. The high dose group needs to be eliminated for
modelling purposes since the high lymphoma response was a
competing risk that does not give an accurate picture of the
risk of hemangiosarcoma in the 625 ppm dose group.

The hemangiosarcoma response may be relevant to man,
although the potential role of the virus in the full
expression of hemangiosarcomas should be kept in mind. The
tumor responses seen in the 6, 20, 63 and 200 ppm groups are
adequate for low-dose extrapolation. The models used should
be capable of fitting the observed data.

ARy

O 060317



APPENDIX 3, CON'T 5

Lung, Alveolar-Bronchiolar Neoplasm:

0 6 20 63 200 625 ppm

Male 22/70 23/60 20/60 33/69° 42/70° 12/88"
(31%) (38%) (33%) (48%) (60%) (13%)

Female 4/70 15/60" 19/60" 27/70" 32/70" 25/88"
(6%) (25%) (32%) (39%) (46%) (28%)

Many strains of mice are prone to develop spontaneous tumors
of the lung, ranging from 70-90% incidence in 12-18 month
Strain A mice, to 5-15% incidence reported in C3H, to
approximately 1% in C57BL mice (Shimkin 1955). In NTP-II, a
31% incidence is seen in untreated B6C3F1 males and 6% is
seen in untreated B6C3F1 females.

In butadiene-treated male and female mice, the lung tumor
response shows a dose-response pattern which is appropriate
for quantitative risk analysis. However, the 625 ppm dose
group in males, and the 200 and 625 ppm groups in females
need tc be eliminated for modelling purposes since early
mortality due to the high incidence of thymic lymphoma was a
competing risk which obscured the true risks of lung tumors
in these dose groups.

Combining the lung tumor observations in male B6C3F1l mice
from the classical bioassay with those from the stop-
exposure study results in the following tabulation:

Cumulative Dose

Cx T Dose m Weeks Response
65,000 625 104 14%
20,800 200 104 e0%
16,250 625 26 363
16,692 321 52 64%
8,125 625 13 543
8,000 200 40 70%
6,552 3 104 8%
2,080 20 10a 33
624 ---6 ) ;;; T 38;_—--
o o 108 31z
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Several comments are warranted. First, comparison of the
lung tumor incidence seen in those groups exposed to 625 ppm
of butadiene vapor for varying periods of time shows an
inverse incidence with duration of exposure. This is most
likely due to the increasing incidence of lymphocytic
lymphoma and resulting mortallty seen in the male mice
exposed to 625 ppm with increasing duration (34% incidence
as a result of- 13 weeks of exposure, 60% with 26 weeks, 69%
with 104 weeks). Second, a cursory analysis of the stop-
exposure data (i.e., treatment groups exposed to equivalent
CxT doses of butadiene vapor) shows, for example, that the
incidence of tumors observed at 625 ppm for 26 weeks (36%)
is only about half that seen at 321 ppm for 52 weeks (64%).
Such data suggest that length of exposure is more important
than is concentration in determining the lung tumor response
in butadiene-treated mice. On closer examination, however,
it should be appreciated that the mortality due to lymphoma
seen in all groups treated at 625 ppm of butadiene vapor
obscures the interpretation of the stop-exposure study for
all endpoints other than lymphoma. Finally, comparing data
for groups treated at 200 ppm of butadiene, a dose that was
not associated with lymphoma expression, provides strong
evidence that the assumption that equivalent CxT doses
produce equal responses does not hold for butadiene-
associated mouse lung tumors. As seen in the above tabkle,
200 ppm of butadiene vapor for 104 weeks resulted in about
the same incidence of lung tumors (60%) as did the same
butadiene concentration for only 40 weeks (70%). Two
interpretations for this are 1) the CxT assumption does not
held, or 2) that competing risks and death rates in the 104-
week group have resulted in an underestimate of the true

- incidence of lung tumors.

In spite of the fact that mice are especially prone to
develop lung tumors, this response might be relevant to man,
and appropriate for quantitative risk analysis. Confoundlng
by 1ymphoma—assoc1ated mortality in the 625 ppm group in
males, and in the 200 and 625 ppm groups in females,
suggests that these groups should be eliminated from the
risk modeling {until individual animal data become available
to allow for appropriate statistical corrections for early
mortality). .

Forestomach, Sggamous Cell Neoplasm: Forestomach tugors are
not uncommon in rodents exposed to chemicals. What is
unusual in this situation is that the exposure is via

. inhalation and not oral. How and why the tumor response

occurred in the forestomach is not explainable at this time.

Man does not have the forestomach equivalent to the rodent,
although some suggest the esophagus may be relevant.
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However, the chemical environment and the duration of
exposure for tissues in the stomach versus the esophagus are
quite different.

The incidence of squamous cell neoplasms of the forestomach
of butadiene-treated mice is summarized below.

0 6 20 63 200 625 ppm

Male 1/70 0/60 1/60 5/60 12/70% 13/89%
(1%) (0%) (2%) (8%) (17%) (15%)

Female 2/70 2/60 3/57 4/68 7/70" 28/89"
(3%) (3%) (5%) (6%) (10%) (31%)

The tumor responses above shows a dose-response pattern in
male mice chronically exposed to butadiene vapor. Competing
mortality due to lymphoma is obvious in the high-dose males.
For this reason, the 625 ppm group in males should be
eliminated for the purposes of risk modeling. By the same
logic, lymphoma-associated mortality may be suppressing the
expression of forestomach tumors in the female mice. 1If
that be the case, the true incidence of forestomach tumcrs
in the 200 and 625 ppm groups is likely to be higher than
that listed in the table above, and the true dose-response
pattern in female mice would be suggestive of a threshold.
It should be noted that eliminating the female 200 and 625
ppm groups from the risk analysis (because of competing
lymphoma response) would remove all of the treatment groups
showing a significant tumor response. For this reason, all
dose groups of female mice should be included for risk
modeling with the caveat that the available data from NTP-II
do not presently allow for statistical correction of early
competing mortality.

G00320
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The table below summarizes tumor responses in butadiene-
treated male B6C3F1 mice according to decreasing cumulative
dose, and suggests that for the relatively low-incidence of
mouse forestomach tumors, the CxT assumption appears to
hold.

. Cumulative Dose
X T Dose (ppm) Weeks Response

65,000 625 104 15%

T 20,800 200 104  17%

16,250 625 26 228
16,692 321 52 26%

8,125 625 13 1e%
8,000 200 40 12%

" e,ss2  es  14 8
2,080 20 104 2%

T Te2a & 108 o

e o 104 1%

There are significant biological differences between the
forestomach of the mouse and any of the structures of the
human digestive tract. For this reason, the forestomach
tumors cannot be totally ignored, but should be given less
weight in risk assessment. Quantitative risk modeling
should exclude data from the 625 ppm group in males because
of confounding lymphoma mortality. All dose groups should
be included in the risk analysis of female mouse data, with
the caveat that available informaticn on NTP-II do not
presently allow appropriate corrections to be made for early
competing mortality. In the analysis of both male and
female data, a threshold model should be considered.
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Harderian Glapnd, Neoplasm:
0 5 20 63 200 625 ppm

Male 6/70 7/60 11/60 24/69* 33/70% 7/90%
(9%) (12%) (i8%) (35%) (47%) (8%)

Female 9/70 10/60 7/60 16/69° 22/70" 7/90
(13%) (17%) (12%) (23%) (31%) (3%)

The Harderian gland is a secretory gland found in the "thirdg
eyelid" of a variety of animals, which secretes an oily -
substance that lubricates the eyeball. It may also have an
endocrine function. The Harderian gland is not present in
man, but the type of glandular structure is similar to other
glands in man and animals. Tumors in this gland occur
naturally, but are increased as a result of exposure to
radiation and a number of chemicals. Naturally occurring
tumors occur late in life.

The tumor responses in butadiene-treated male and female
mice show a dose response pattern. The high-dose group
needs to be eliminated for modeling purposes since the
lymphoma response was a competing risk that suppressed the
true risk of Harderian gland tumors in the 625 ppm dose
groups.

S 0G0322
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The tumor response in male B6C3Fl mice is tabulated by
cumulative dose (ppm-weeks) versus percent of animals
bearing tumors in the following:

— Cumulative Dose -
CXT Dose (ppm) Weeks Response

65,000 625 104 8%
Tremen e e T
e e T T e T T T

16,692 321 52 56%
e T T T T e

8,000 200 40 54%

T e T e T e

e T T e T T

There are several apparent inconsistencies in the tumor
responses displayed above. The tumor incidence in these
male mice is about the same (or slightly higher) following
exposures to 200 ppm for 40 weeks (57%) than for the same
dose given for 104 weeks (47%). One possible explanation
for this is that there may be competing non-lymphoma risks
in the 200 ppm x 104 week group, which artificially suppress
the true tumor incidence at this dose. As an alternative
explanation, it may be that once some threshold dose is
exceeded, the maximum tumor response (say 50 - 60%) occurs.

Man does not have Harderian glands. For male mice,
quantitative risk modeling should utilize the tumor
observations in the 0, 6, 20, 63, and 200 ppm groups, with
the 625 ppm data eliminated because of intercurrent
mortality. For female mice, a similar analysis should be
conducted on the data set (i.e., excluding the 625 ppm group
from the analysis). ‘A second risk analysis of the female
data is suggested which also excludes data from the 200 ppm
group.
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Liver, Hepatocellular Neoplasm: As can be seen in the table

below the B6C3F1 mouse is prone to develop hepatocellular
tumors naturally. Chronic exposure to butadiene vapor,

however, may increase slightly the incidence of these
lesions.

8] 6 20 63 200 625 ppm

Male 31/70 27/60 35/59 32/59 39,70 12/89
(44%) (45%) (59%) (54%) (56%) (13%)

Female 17/69 20/60 23/60" 24/60" 20/60"° 3/90
(25%) (33%) (38%) (40%) (33%) (3%)

In the male mice, the incidence of liver tumors is only
slightly above that in the concurrent control group,
although statistical significance is achieved at 200 ppm.
The suppressive effect of high intercurrent mortality is
Clearly visible in the 625 ppm group. 1In the female mice,
the incidence of liver tumors in treated animals is
statistically increased at 20, 63, and 200 ppmn. The tumor
incidence in the 200 and 625 ppm groups of female mice
suggest suppression by high intercurrent mortality.

The data suggest that 1,3-butadiene has only a weak
tumorigenic effect in the livers of male and female B6C3F1
mice. Liver tumors are well known to occur commonly in
untreated mice. The potential relevance to human health is
debatable. For male mice, quantitative risk modeling should
exclude the 625 ppm group; for female mic~, the 200 and 625
pPpm groups should be excluded from the analysis.

Preputial Gland, Neoplasm: Preputial glands in the mouse
are a pair of prominent specialized sebaceous glands at the

distal end (prepuce) of the penis. The preputial glands in
man are a series of much smaller glandular structures which
are widely distributed over the mucosal aspect of the _
prepuce. The female equivalent are termed clitoral glands,
and were apparently not affected by butadiene treatment.

o 6 20 63 200 625 ppm

Male 0/70 0/60 0/60 0/6% 5/70" 0/90
(0%) (0%) (0%) (0%) (7%) (0%)

As can be seen, the incidence of this tumor is extremely
low. 1In spite of this, approximately 7% of male mice in the
200 ppm group were found to carry preputial gland neoplasms.
The 'lack ¢of response in the mice exposed to 625 ppm of
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butadiene vapor suggests suppression by high intercurrent
mortality.

Analysis of the tumor response according to cumulative dose
_(CxT) to the animal is tabulatéd bhelow.

Cumulative Dose
Cx T Dose (ppm) Weeks Response

65,000 625 104 0%
20,800 200 108 7%
16,250 625 26 6%
16,692 321 52 8%
8,125 e2s 13 108
8,000 200 40 2%
" e,s52 63 104  o%
2,080 20 108 0t
T s & 104 oz
e o 104 0%

In spite of certain biological differences between the
preputial glands of mice and man, this response may be
relevant to human health. Because of high lymphoma-
associated mortality, data from the 625 ppm group should be
excluded from quantitative risk analysis.

Mammary Gland, Adenocarcinoma: The incidence of
adenocarcinoma of the mammary gland in butadiene-treateq
female mice is summarized below.

0 6 20 63 200 625 ppm

Female 0/70 2/60 2/60 6/70" 13/70" 13/90
(0%)  (3%)  (3%) (9%) (19%) (14%)

The incidence of mammary gland tumors appears to increase in
a dose-related manner, and are statistically increased at
butadiene vapor concentrations of 63 ppm and higher.
Competing intercurrent mortality appears to be suppressing
the true tumor incidence at 200 and 625 ppm.

. GGO325

C b e s



APPENDIX 3, CON'T 13

The incidence of mammary adenocarcinoma in NTP-II may have
potential relevance to human health. Quantitative risk
analysis of these data should exclude data from the 200 and
625 ppm groups because of reported competing mortality; a
separate analysis should include data from the 200 ppm group
in spite of the likelihood that the incidence of mammary
gland tumors in that group is artificially low.

Qvary, Granulosa Cell Neoplasm: Spontaneous granulosa cell
neoplasms in the mouse are uncommon (Frith et al. 1981) as
confirmed by the zero incidence in control animals of NTP-
II.

0 6 20 63 200 625 ppm

Female 0/69 0/59 0/59 9,70 11/70° 6/89
(0%)  (0%)  (0%) (13%) (16%)  (7%)

Histologically diverse, both granulosa cells and thecal
cells may be involved in what is termed a granulosa cell
tumor of the covary. Of interest, granulosa cell tumors are
readily induced in mice by treatments as diverse as
irradiation, treatment with the carcinogen 7,12-
dimethylbenz (a)anthracene (DMBA), neonatal removal of the
thymus, as well as following parabiotic linkage of normal
and cophorectomized animals. They also develop within
tubular adenomas in strain C57BL/6J x C3H/He mice with
abnormal genes of the W series which result in a premature
depletion of oocytes in this hybrid. Such animals would
appropriately be referred to as B6C3Fl1l, although it is not
clear that they are genetically identical to the specific
hybrid strain used by NTP.

It is interesting to note that ovarian atrophy (i.e.,
deletion of oocytes) was reported in the butadiene-treated
mice of NTP-I. Alison & Morgan comment that there appears
to be a common sequence of events between experimental
induction of granulosa cell tumors and their occurrence in
animals with genetic deletion of cocytes. This sequence
consists of oocyte destruction, degeneration of follicular
granulosa cells and ovarian atrophy, compensatory elevation
of circulating pituitary gonadotropins, and subsequent
proliferation and eventual neoplasia of granulosa cells.
Such a process would suggest that granulosa cell tumors in
the mouse are the result of non-genotoxic mechanisms.

The development of granulosa cell tumors in the mouse is
probably a non-genotoxic process and the selection of an
appropriate quantitative risk model must take this into
consideration. Granulosa cell tumors also occur in women,
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and therefore the findings in NTP-II may have possible human
health relevance. Because of high competing intercurrent
mortality, the risk analysis should most appropriately
exclude data from both the 200 and the 625 ppm groups. A
separate risk analysis should add back the 200 ppm group in
spite of the likelihood that the incidence in that group is
artificially low.

TABLE A3-1
1,3-BUTADIENE

TUMOR OBSERVATIONS FRCOM NTP-I1

*

o P

PRELIMINARY TUMOR OBSERVATIONS IN MAiE B6C3F1 MICE (NTP-II)

(ppm) _O_ 6. .20 _63 200 625
Lymphocytic lymphomas 3% 2% 3% 6% 3% 69%
All malig. lymphomas 6% 5% 13% 16% 13% 717%
Hemangiosarcoma (heart) . 0% 0% 2% 9% 29% 7%
Lung neoplasms 31% 38% 33% 48% 2 60%  14%
Forestomach neoplasms ! 1% 0% 2% 8% 17%  15%
Harderian gland neoplasm . 9% 12% 18%  35% 47% 8%
Hepatocellular neoplasm 44% 45% 59% 54% 56% 13%
Preputial gland neoplasm 0% 0% 0% 0% ey 0%
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APPENDIX 3, CON'T 15

PRELIMINARY TUMOR OBSERVATIONS IN FEMALE B6C3F1 MICE (NTP-II)

(ppm) 0 6 20 63 200 625
Lymphocytic lymphomas 3% 7% 10% 4% 16% 40%
All malig. lymphomas 14% 23% 30% 14% 27% 48%
Hemangiosarcoma (heart) 0% 0% 0% 2% 29% 29%
Lung neoplasms 6%  25% 32% 39% 46% 28%
Forestomach neoplasms 3% 3% 5% 6% 10% 31%
Harderian gland neoplasm 13% 17% 12% 23% 31% 8%
Hepatocellular neoplasm 25% 33% 38% 40% 33% 3%
Mammary gland
adenocarcinoma 0% 3% 3% 9% 19% 14%
Ovarian neoplasm 0% 0% 0% 13% 16% 7%

TABLE A3~-2

1,3-BUTADIENE
STOP-EXPOSURE S8TUDY IN MALE MICE (FROM NTP-II)

0_ppm-wks 8000 ppm-wks 16,250 ppm=-wks
Control 40w=-200 13w-625 52w=312 26w—625

Lymphocytic lymphomas = 3% 12% 34% 6% 60%
All malig. lymphomas 6% 24% 48% 30% 74%
Hemangiosarcoma (heart) 0% 30% 14% 66% 26%
Lung neoplasms 31% 70% 54% 64% 36%
Forestomach neoplasms 1% 12% 16% 26% 22%
Harderian gland neoplasm 9% 54% 46% 56% 22%
Preputial gland neoplasm 0% 2% 10% 8% 6%
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APPENDIX 4: CONFOUNDING EFFECT OF THE MURINE RETROVIRUS

In mice from both NTP-I and NTP-II studies, the malignant
lymphoma and hemangiosarcoma tumor types stand out with
respect to their potential causal relationship with a
retrovirus.

Malignant T-cell Lymphoma: Almost 60% of the high-dose male
and 20% of the high-dose female B6C3F1 mice developed T-cell
lymphoma by week 61 of the study. The B6C3Fl1 is NTP's
preferred test animal because it is considered to be a low-
leukemia mouse strain (i.e., the incidence of spontanecus
leukemia/lymphoma in the B6C3F1 is low, and untreated
animals are expected to survive the two-year bicassay
period). From NTP's point-of-view, therefore, it was
blologlcally significant to find such a lymphoma response in
this experiment.

T-cell lymphoma is seen in mice treated with iocnizing
radlatlon, and has been associated with a mouse-specific RNA
virus (i.e., a retrovirus) called Murine Leukemia Virus
(MuLV- see Irons et al. 1989). Following radlatlon, MulLV
is "activated" -- that is, the MulLV gencme is rapidly
repllcated in the form of RNA and then packaged as complete
virus particles which are found in various. tissues and in
the circulation. It is apparently during this replication
Phase that genetic recombination of viral and cellular genes
may occur, resulting occasionally in an oncogenic variant of
MuLV. Activation of MulV can also occur spontaneously
durlng normal aging in the B6C3F1 strain, and a low
incidence of spontaneous thymic lymphoma is seen in groups
of aging B6C3F1 mice. The relationship between MuLV and
thymic lymphoma has suggested that activation of the MulVv
genome would likely be a threshold phenomenon, and not
appropriately modeled by non-threshold gquantitative risk
approaches.

Shortly after publication of NTP-I, CIIT initiated studies
examining the possible etiological involvement of MulV in
the expression of thymic lymphoma in butadiene-treated mice.
Results from these studies at CIIT indicate that exposing
mice to high concentrations of butadiene appears to enhance
viral activation substantially, and that this phenomenon
seems to correlate with subsequent development of thymic
lymphoma in these animals (Irons et al. 1987; Irons et al.
1989). ,

Hemangiosarcoma of the Heart: Primary hemangiosarcoma of
the heart is an extremely rare neoplasm in the B6C3F1l

strain. In NTP-I vascular lesions were seen with an overall
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APPENDIX 4, CON'T 2

incidence of 30% in males and 43% in females (Solleveld et
al. 1988). Based on histological criteria, NTP pathologists
classified these cardiac lesions as either endothelial
hyperplasia, or hemangiosarcoma. The lesions in the heart
were often multifocal and non-uniform in hlstologlcal
appearance suggesting a multicentric origin to NTP
pathologists, as opposed to secondary metastatic disease
(which would be expected to present a more uniform
histological pattern). The portions of the heart most often
affected were the left ventricular wall and the
interventricular septum. Vascular lesions in the liver,
1ung, and kldney were found in a 51gn1f1cant number of the
animals with primary cardiac hemangiosarcoma; these lesions
were assumed by NTP pathologists to represent metastasis
from the heart, although one high-dose female was noted to
have a liver lesion but no heart lesion.

At the present time, the role of MulLV in the total incidence
of hemanglosarcoma of the heart is circumstantial. MulV is
endogenous in the mouse, that is the viral genome is present
in every cell of the mouse's body, including the
endothelial cells of the heart. The multicentric
localization of the cardiac lesions observed in NTP-I is

“certainly consistent with a viral mechanism. In addition,

Irons et al. (198%) found a lower, although non-zero,
incidence of cardiac hemangiosarcoma in butadiene-treated
NIH Swiss mice, which lack a competent MuLV proviral genome,
than in similarly treated B6C3F1 mice. This observation may
also be suggestive of a 90551b1e contributory role for MulV
in this tumor, although Iror's finding may alternatively be
attributable to differences in metabolic activation or
deactivation of butadiene in the two strains of mice.

The mouse tumor response might have been 51gn1f1cantly
influenced by the presence of the MuLV. In this sense,
certain tumor types would not be relevant as a human hazard.
Although OSHA discounts only the mouse lymphoma response,
other tumors, such as hemangiosarcomas, might also be
significantly influenced by the presence of MuLV and,
therefore, this would also be a mouse-only response.
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APPENDIX 5: DISCUSSION OF IISRP CHRONIC RAT STUDY

Sprague-Dawley CD rats (110 males and 110 females per group)
were exposed to butadiene vapor concentrations of 0
(control}, 1000, or 8000 ppm, 6 hours per day, 5 days per
week until 20% survival was reached (111 weeks for males and
105 weeks for females). Chamber air was monitored for
butadiene dimer (4-vinyl-l-cyclohexene) and for inhibitor
(tertiary butyl catechol) in order to minimize contributions
of these components to the results of this study.

Observations were made of the general appearance and
behavior of the animals, survival, body weight, hematology,
clinical chemistry, urine analysis, necropsy findings and
histopathology. Appropriate statistical analysis was made
of the findings.

Oon the first exposure day the majority of animals, including
controls, showed a slight red-colored secretion about the
nose. The incidence of this finding decreased with time and
by week five was seen in only a few animals. In the second.
month, and continuing until the fifth month, some rats in:
the high dose group, especially females, showed wet and
ruffled fur together with slight limb weakness or
incoordination (ataxia) during the first three hours of the
first exposure day of the week. Other minor abnormalities
were noted from time to time but could not unequivocally be
attributed to 1,3~butadiene exposure.

During the course of the study a dose-related increase in
mortality was seen. However, analysis of the individual
treatment groups indicated that only the 8000-ppm group was
statistically different from controls.

Number of Dead Rats
Males Females

Controls 55 , 54
1000 ppm 50 68
8000 ppm 68 .76

Increased mortality in the female rats was associated with
humane sacrifice of animals with large mammary tumors.
Increased mortality in the male rat was believed to be due
to nephropathy (i.e., kidney dysfunction). It should be
emphasized here that nephropathy is, in fact, the most
common natural cause of death in aging male rats. However,
the incidence of kidney lesions in the IISRP study was
significantly increased among the butadiene-treated animals
compared to controls. It is also worth noting here that
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according to a pathological evaluation of male rat kidney
sections from the IISRP study the histological appearance of
the lesion in butadiene-treated male rats is not consistent
with the so-called "hydrocarbon nephropathy" reported in
iscalkane-treated male rats.

The body weight gains of the treated animals were generally
depressed during the first 12 weeks of the study but were
compensated later by an increased gain, so that by the end
of the first year the control and treated groups were
similar. Reduced weight gains were not observed in an
earlier IISRP 3-month study using exposures of up to 8000
ppm (Crouch et al. 1979).

Hematology and clinical chemistry did not reveal any
definite effect that could be associated with 1,3-butadiene
exposure.

Organ weight data suggested an effect from 1,3-butadiene
exposure on both liver and kidneys. The liver weight and
the ratio to body weight were elevated for both sexes and
both doses with the exception of the low dose male liver
weight. There was no associated pathological change in the
liver even at the ultrastructural level. Kidney weight and
the ratio to body weight were increased in male rats at the
8000 ppm level. This was associated with a tendency for a
more severe level of nephrosis compared with contrcl males
and some slight, early evidence of functional change
reflected in the amount of protein in the urine and urine
volume. Higher heart weight and ratio to body weight may
have been associated with the kidney changes.

Necropsy and histopathoclogical evaluation of all major
organs and tissues revealed very little treatment-related,
non-tumor effect. There was a higher incidence of focal
epithelialization (metaplasia) in the lungs of males only at
8000 ppm and this was associated with an increase in lung
weight and the ratio to body weight.

A number of tumors were present in larger numbers in the
treated animals than in the controls and these differences
were statistically wvalid (Table AS5-1). The tumors
identified as having increased incidence were:

Zymbal gland carcinoma - predominantly in the high dose
females. According to Hazleton's experience with the

Sprague-Dawley rat, the number of Zymbal gland tumors also
was close to that expected as part of the background. Most
of the tumors of this type were clustered in animals killed
in a short period (76-90 weeks) but none were found at the
end of the study despite an intensive search.

I
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Thyroid, folliicular-cell adenoma - particularly in the high
dose females. It should be noted that the historical
background incidence of thyroid tumors ranges from 0 - 6%
for this strain, in this laboratory.

Testis, Leydig-cell adenoma - in both dose groups.
Interstitial (Leydig) cell tumors are the most common
testicular tumor of the rat (Mostofi & Bresler 1976). Their
incidence increases with age and they can be bilateral. The
higher numbers of testicular tumors observed in the high-
dose male rats was close to the historical control range (0-
6%) in the same strain and laboratory.

Uterus, sarcoma - in both dose groups in similar numbers.
The numbers of uterine sarcomas were close to those expected
from the background in untreated rats of the strain used and
do not suggest, in isolation, a treatment-related effect.

Pancreas, exocrine adenoma - only in high dose males. It
should be noted here that the diagnosis of neoplasia is
questionable for the pancreatic adenomas. These were

classified as tumors by convention but, according to the

study pathologist, the small lesions equally could be
classified as hyperplasia, and excluded from any analysis of

- tumor incidence. :

Mammary gland, adenoma_and carcinoma - in both female dose
groups. There was evidence that the mammary gland tumors
appeared earlier in the study in the treated females,
suggesting a relation to treatment. There is, however, some
question concerning the interpretation of the numbers ~*
mammary tumors since they occur with a high and variable
frequency in untreated rats of the strain used.

On the basis of these findings and of the statistical
analysis, the study pathologist concluded that: "The weight
of evidence suggests that the test article (1,3-butadiene)
is a weak oncogen to the rat under these conditions of
exposure". In this study using whole body exposure of rats
to concentrations of 1000 or 8000 ppm 1,3-butadiene, there
was no "no effect" level.

In summary, the general (non-tumor) effects in rats
associated with 1,3-butadiene exposure for two year include
a transient increase in nasal secretion, slight ataxia,
early mortality (high dose), and early and transient reduced
weight gain, increased severity of spontaneous nephropathy -
(high dose males), increased liver weight and ratio to body
weight and an increased metaplasia of the lung (high dose
males). The overall conclusion from the evaluation of the
tumor incidence is that although there was an increase in
the numbers at six sites, in only three of these could the
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pattern of increases be clearly related to treatment. This
pattern of small increases in a range of tumors or increases
of a tumor with a high background incidence suggest that,
although treatment may have influenced the number, any
effect is to be considered as weak.
TABLE AS-1
1,3-BUTADIENE
TUMOR OBSERVATIONS FROM HAZLETON BIOASSAY (IISRP)

(AS SUMMARIZED BY ENVIRON 1986)

NUMBER OF TUMOR-BEARING MALE SPRAGUE-DAWLEY RATS (IISRP)

O_ppm 000 ppm 8000 ppm

Leydig cell tumors 0 3 8
Pancreatic exocrine tumors 2 1 11
Zymbal gland carcinoma 0 1 2
Tumor-bearing rats 2/96 4/96 20/87

NUMBER OF TUMOR-BEARING FEMALE SPRAGUE-DAWLEY RATS (IISRP)

0 _ppm 1000 ppm - 8000 ppm

Mammary carcinoma 18 15 26
Mammary fibroadenoma 40 75 67
Thyroid follicular tumors o 4 11
Zymbal gland carcinoma 0 o 4
Uterine/cervical sarcoma 1 5 7
Tumor-bearing rats w/o mammary 1/94 8/95 21/92
Tumor-bearing rats incl mammary 41/99 77/97 72/96
R G39336
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APPENDIX 6: REPRODUCTIVE TOXICITY

A primary non-cancer concern expressed by O0OSHA was
ovarian atrophy seen in female mice exposed to even low
levels of BD (see unaudited results - "NTP II") . This
mouse effect should be considered to be extraordinary and
unique to the female mouse ovary because of the high levels
of butadiene epoxide formed by the mouse. This effect is
not seen in the rat or any other spec1es. There is no
evidence of functional abnormalities in BD reproduction
studies. The available current evidence suggests that
this mouse ovarian effect should not be considered to be a
hazard for human females exposed in the workplace to 2 ppm.

As jiterated in Appendix 4 for carcinogenic effects, the
mouse is particularly susceptible to toxic effects of BD
because of its unique ability to produce and maintain levels
of toxic epoxide metabolites of BD. For this reason the
mouse is not a good model for estimating human reproductive
risk or hazard associated with BD exposure. This argument
is particularly compelling in light of the recent findings
of similar toxicity to the mouse ovary, but not the rat
ovary, due to 4-vinyl cyclohexene, as well as, 4-vinyl
cyclohexene epoxide (NTP, 1986, NTP, 1989). These chemicals
are structurally similar to BD (4-vinyl cyclohexene is a
dimer of BD) and in chronic testing have been found to be
highly toxic to the mouse ovary. Furthermore, recent
studies by Sipes, et al (1989; also see Smith, et. al.,
1990a,b) have shown this mouse specific effect of 4-vinyl
FVﬁlohexene to be due to epoxide metabolites and not the
parent compound.

The studies with 4-vinyl cyclohexene demonstrate that rare
effects to the mouse ovary are only possible because of
unique capabilities of the mouse to produce toxic epoxides.
It is likely that the mechanisms responsible for similar
(rare) ovarian effects in the mouse as a result of BD
exposure are likewise due to BD epoxide metabolites. This
reasonable assumption would lead to a conclusion that the
mouse is unique it its ability to produce such effects.
This being the case, it would not be necessary for an agency
to utilize the "standard™ 10 X 10 or 100 fold safety factor
to produce a safe human dose. The mouse is already more
sensitive than the most sensitive human. Therefore a 2 ppm
standard would be protective against reproductive effects
to female workers.
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March 21, 1991 . .

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: 1,3-Butadiene

P.0. Box 2815

Sacramento, CA 95812

RE: COMMENTS ON PRESENCE OF 1,3-BUTADIENE IN CALIFORNIA
Dear Ms. Shiroma:

The comments contained herewith address the issue _of the presence of
1,3-butadiene in California, in particular from Styrene-Butadiene
Copolymer Production.

On page A-5 of Part A, Exposure Assessment for Proposed Identification
of 1,3-Butadiene as a Toxic Ailr Contaminant, Table III-1,
1,3-Butadiene Emission Inventory, states that Styrene-Butadiene
Copolymer Production accounts for 8 tons/year of butadiene emissions.

The Exposure Assessment document then states on page A-11 that there
are two latex production facilities in California and that the
emissions reported in Table-III-1 are from the northern California
facility. The Exposure Assessment document further states that
“According to the US EPA, the Northern California facility emitted an
estimated 6.95 megagrams (approximately 8 tons) of 1,3-butadiene in
1984 (US EPA, 1989). Approximately 5.1 megagrams of the 1,3-butadiene
emissions came from latex process and tank leaks, while 1,85 megagrams
of the 1,3-butadiene emissions came from equipment leaks."

The Northern California latex facility that is referred to in the
Exposure Assessment is located at the Dow Chemical Co. in Pittsburg,
California. We would like the opportunity to correct the Emission
Inventory values reported in the Exposure Assessment for the Pittsburg
Latex Plant.

The 1,3-butadiene emission wvalues reported in the CARB Exposure
Assessment report for the Pittsburg Latex Plant were 11233.5 1lb/yr
Process emissions (5.1 megagrams) and 4074.9 lb/yr (1.85 megagrams)
from equipment leaks. It is stated in the CARB report that
approximately 8 tons of 1,3-butadiene was emitted from the Pittsburg
in 1984 according to EPA.
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Data for 1,3-butadiene emissions was submitted to the EPA in August of
1984 pursuant to a Clean Air Act 114 request. The butadiene emissions
reported for process and tank vents were 111,653 kg or 7377.95 1lb/yr.
These were the emissions for the plant as it was operating at that
time, at 65% of capacity. Apparently this number was then
extrapolated to 100% capacity to arrive at the value reported in the
CARB report for 1984 emissions of 11233.5 1b/yr which does not reflect
actual emissions.

Since 1984 many improvements have been made at the Latex Plant to
control all emissions, including 1,3-butadiene. Authorities to
Construct were secured to modernize the Latex Plant and to further
abate the Latex Plant emissions to a thermal oxidation device. The
emissions from the Latex Plant are now sent to the thermal oxidation
process from the Latex Plant scrubber at least 90% of the time as
permitted. The emissions of 1,3-butadiene from the modernized Latex
Plant were estimated to be 2555 1lb/yr with this configuration. The
basis of the emission estimate was computer modeling by ASPEN,
Advanced System for Process Engineering, a licensed process simulation .
program developed by MIT and the Department of Energy.

A source test was conducted once the modernized Latex Plant was
on-line that confirmed operation below 2555 1lb/yr. The vent from the
Latex scrubber was analyzed. This is the stream that goes to
atmosphere a maximum of 10% of the operating time, the rest of the
time it is sent to the thermal processing unit eliminating the
butadiene emission.

The results of the source test showed an average daily emission rate
of 60 lb/day of total organics (8.52 lb butadiene) based on running at
full capacity. Based on the source test data, the annual emissions of
butadiene would be 310 1b.yr.

We therefore request that the values shown in the Part A Exposure
Assessment document for ~the Northern California styrene-butadiene
copolymer production plant (ie:Pittsburg Plant) for process emissions
(which includes tank vents) be changed in the final document to 2555
1b/yr. The modeled emission estimate of 2555 1b/yr is more
conservative than the source test result of 310 1lb/yr. '

On page A-l1ll of the Exposure Assessment it states that according to
the US EPA, 1.85 megagrams (4075 1lb/yr) of 1,3-butadiene emissions
came from equipment leaks at the Northern California facility in 1984,

As part of the response to the EPA 114 request in 1984, the Pittsburg
Latex Plant provided a listing of the valves, flanges, pumps and
compressors in butadiene service. The EPA then apparently applied
their Average SOCMI Emission Factors for Fugitive Emissions
to arrive at the 4075 1lb/yr fugitive emission losses from equipment
leaks. We believe this number is greatly over estimated.

As part of the Latex Plant modernization, sections of the plant were

repiped thus eliminating a number of the valves and flanges present
when the 1984 count was submitted to the EPA. In addition the Latex
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Plant has had a very effective Fugitive Monitoring and Leak Detection
and Repair Program. The program now involves quarterly monitoring of
valves and monthly monitoring of pumps and compressors. The results of
this monitoring is that no components have been found to leak above
the 2 ppm limit of detection of the monitoring instrument.

Because we have actual monitoring data available, the SOCMI 3 Tier
Stratified Method for fugitive emission estimating was used for the
recently completed AB-2588 emissions inventory for the Latex Plant.
The 1,3-butadiene fugitive emission estimate using this SOCMI method
was 533 1b/yr.

To conclude, we request that the 1,3-butadiene emission estimates for
the Northern California (Dow Pittsburg) Styrene-Butadiene Copolymer
" Production Plant reflect the current emission values of 2555 lb/yr for
process emissions and 533 1lb/yr for fugitive emissions rather than the
EPA 1984 values currently in the Draft Part A Exposure Assessment
document. The use of these values will pPresent a more realistic
estimate of the 1,3-Butadiene Emission Inventory in Table I1II-1.

If you have any questions regarding this information, please call me
at 415 432-5639. 1 plan on attending the meeting on March 27 and I
can answer any questions that day as well.

Yours very truiy,

Andree Ybungsoni; Ei

Envirommental Specialist

Enclosures
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@ | Environmental Activities Statf
General Motors Comporation

General Motors Technical Center

30400 Mound Road

. Box 915
Warren, Michigan 48090-9015

SM-2059
March 22, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: 1,3-Butadiene

P.O. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma:

Please find attached General Motors comments on the California Air
Resources Board preliminary draft report titled Proposed
Identification of 1,3~Butadiene as a Toxic Air Contaminant, dated
February 1991. General Motors comments focus on the following
three points:

. The report does not properly inform the reader that the risk
from motor vehicle 1,3-butadiene emissions has been reduced
dramatically over the past 20 years and will continue to
decrease substantially due to CARB’s regulatory program for
controlling criteria pollutants;

. The report does not provide the proper perspective on the
risk from motor vehicles relative to the much larger risks
from indoor sources such as environmental tobacco smoke; and

> The report should better portray the limitations and
uncertainty associated with the range of unit risk factors
developed for 1,3-butadiene.

If you have any questions concerning these comments, please
contact either J. M. Heuss or J. J. Vostal of my staff at 313-
947-1787 or 313-947-1637, respectively.

Sincerely,
- e sl 44/1‘
7??./3. A, Leonard, ector

Automotive Emission Control

Attachment
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GENERAL MOTORS COMMENTS ON
PROPOSED IDENTIFICATION OF 1,3-BUTADIENE AS A
TOXIC ATR CONTAMINANT BY THE STATE OF CALIFORNIA

General Motors (GM) has reviewed the preliminary draft prepared by
the Staffs of the Air Resources Board and the Department of Health
Services and offers the following comments. While the document
indicates that 1,3-butadiene may cause or contribute to an increase
in mortality and illness, thereby posing a potential hazard to
human health, GM is concerned that the risk from present and future
ambient concentrations of 1,3-butadiene is not put into the proper
perspective in the preliminary draft. In particular, the
preliminary draft fails to inform the reader that the risk from
motor vehicle 1, 3-butadiene emissions has been reduced dramatically
over the past 20 years and will continue to decrease substantially
. due to CARB’'s regulatory program for controlling criteria
pollutants. In addition, the reader is not provided perspective on
the substantial humah exposures to 1,3-butadiene from other
sources, including environmental +tobacco smoke. Finally, the
‘limitations and uncertainty associated with the range of unit risk
factors developed for 1,3-butadiene should to be better portrayed
to the reader.

Comments on Executive Summary

There are several statements in the Executive Summary that are
incorrect. First, in response to the question "Are emissions of
l,3-butadiene expected to increase in the state?," the draft
indicates:

"Yes, for the next two years emissions of 1,3-butadiene are
expected to increase in California. Approximately 94 percent
of Califormnia’s airborne 1,3-butadiene comes from an
increasing number of gas and diesel-fueled motor vehicles.
Several regulations have been adopted by the ARB which are
expected to result in emission reductions of 1, 3-butadiene
from light duty motor vehicles starting in 1993."

This statement is incorrect and severely misleading. The fact that
1,3-butadiene emissions from motor vehicles are already
substantially controlled is documented by the emission factors
given on page A-1 of Appendix A to the Part A Exposure Assessment.
The fact that ambient concentrations of 1,3-butadiene in California
have been dramatically reduced over the past 20 years by the
California Motor Vehicle Emission Control program is documented in
our comments on Part A. Factually, existing regulations together

1
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with the numerous new regulations focused on reducing hydrocarbon
emissions will continue to dramatically reduce ambient
concentrations of 1,3-butadiene for the foreseeable future. Day
by day new vehicles with low emissions of 1,3-butadiene are
replacing o¢lder, higher emitting wvehicles. In the preliminary
motor vehicle emission inventory developed in 1987,° CARB pointed
out that the attrition of non-catalyst vehicles would reduce the
1,3-butadiene inventory 61 percent by the year 2000. New
regulations adopted since that calculation was made will reduce
emissions even further.

Second, GM has concerns related to the precision with which the
estimated inventory of 1,3-butadiene emissions from "quantified"
sources in California (Exposure A-7) is expressed. As Appendix A
indicates, butadiene emissions continue to be derived from the
butadiene/TOG ratio and based on "preliminary"” inventories
calculated by the CARB' in 1987 "as a very rough approximation of
the true emission inventory." This preliminary estimate was at
that time considered to suffer from a possible "error of as much
as factor of two." An additional error could have been introduced
by unexplained "adjustments" -- an increase of 20% and 50% for
gasoline and diesel fueled vehicles respectively. These adjustments

" were "based on revisions to the emission factors as communicated

by MSD"? but are not explained in the document.

Because motor vehicle 1,3~butadiene emissions have been measured

~directly since 1987, the use of oversimplified correction factors

is outdated and could seriously misinform the reader. General
Motors feels strongly that the emission factors used in paragraph
A and B, Appendix A should be replaced by measured butadiene
emissions or the potential range of error should be discussed in
the text. Butadiene data from the new Auto/0il Industry research
project, in particular, c¢ould provide a better basis for
statistically robust inventories.’

Third, in response to the question "What about indoor exposure to
1,3-butadiene?,”" the Executive Summary indicates that indoor air
may be the major route of exposure to 1,3-butadiene for those
individuals exposed to a heavy smoking environment. Based on the
available data it is clear that indoor air is the major route of
exposure to 1,3-butadiene for smokers as well as those exposed to
a heavy smoking enviromment and that exposure to environmental
tobacco smoke (ETS) is a major route of exposure to 1,3-butadiene
for most Californians. BAn estimate of the average daily intake of
1, 3-butadiene from ETS is made in the comments to follow; it is 2.8
times the daily intake from the population-weighted statewide
average ambient 1,3-butadiene concentration.

2
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GM believes that a knowledge of the relative contributions of
individual sources is important for better estimates of public
exposure. In the 1980’s, the U.S. EPA introduced a new conceptual
model of total human exposure (TEAM)} and used it to compare benzene
emissions vs. exposures. The analysis in Table 1 shows how
significant individual sources of exposure are because the general
public spends most of its time indoors.

Table 1. Benzene Emissions Inventories vs. Public Exposures based
on Personal Monitoring®

Contributions Based on

Emissions Inventories Personal Monitoring
Autos B2% 18%
Cigarettes 1% 39%
Environmental Tobacco Smoke - 5%
Industry 14% 3%
Personal & Home 3% 34%
Total 100% 100%

These results suggest that corresponding corrections should be
applied in estimating public exposures to 1, 3-butadiene. In fact,
because the benzene and butadiene content of cigarette smoke is
similar while the ambient exposure to benzene is many times that
of butadiene, a corresponding comparison for butadiene will
probably show an even smaller contribution from motor vehicles than
shown in Table 1. An estimate of the socurces of personal exposure
to 1,3-butadiene would be more useful than the simple proportioning
of the ambient inventories given in the Executive Summary.

Fourth, in response to the question "What is the risk assessment
for exposure to 1,3-butadiene?,"” the Executive Summary indicates
that "the DHS staff estimates the number of potential excess
cancers due to airborne 1,3-butadiene exposure to range from 1 to
115 additional cancers per million people exposed throughout their
lives..." GM suggests that the phrase "upper limit" be added so
that the range of potential cancers is put in the correct
perspective for decision makers. CARB has approached the potential
health risks from toxics with great caution.  While this is
understandable, GM believes extreme care must be taken to keep the
estimates in their proper context -—- otherwise they will be
misinterpreted and the risk from ambient 1,3-butadiene will be
improperly perceived as a major threat to public health. = For
example, Vostal et al.’ -- considering the situation whén all motor

3
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vehicles will be equipped with current emission controls -- have
predicted minimal effects of butadiene from motor vehicles on the
U.S. annual cancer incidence (0 to 0.05 cases per million urban
pepulation).

As CARB evaluates the risk from exposure to 1,3-butadiene and other
airborne toxics, GM recommends that it con31der the findings and
recommendations from several important reports and reviews by
eminent scientific groups. In particular, EPA’s Science Advisory
Board (SABR) has recently recommended that the Agency should target
its environmental protection efforts on the basis of opportunities
for the greatest risk reduction.’ In order to set priorities, the
SAB indicated that the Agency "must weigh the relative risks posed.
by different environmental problems, determine if there are cost-
effective opportunities for reducing those rlsks, and then identify
the most cost-effective risk reduction options. Further, the SAB
recommended that EPA improve the data and analytical methodologies
that support risk assessment and comparison, indicating that risk

‘rankings should be based on the total human exposure to specific

toxic agents

A recent National Research Council review of human exposure
assessment . for adirborne pollutants came to similar conclusions.’

. The NRC committee wrote that "risk reduction strategies that

address only outdoor air are only partially effective. Such
strategies need to be modified to better address the importance of
indoor exposures." To set priorities for reducing risk to.

potentially harmful -pollutants, the committee indicated that all
media and all routes of exposure must be assessed.

In order to compare risks from different agents and routes of
exposure, Paustenbach, et al. in a review of the current
practice of health risk assessment recommend that "in each portion
of an assessment, the weight of evidence approach should be used
to identify the most defensible wvalue. In the risk
characterization, the best estimate of the potential risk as well
as the highest plausible risk should be presented.”

GM suggests that CARB follow these recommendations in the
continuing evaluation of the risks associated with 1, 3-butadiene
and other toxic air contaminants.

Specific GM comments on Parts A and B of the preliminary draft
follow.

CoUn LT CU0347



Comments on Part A Exposure Assessment

1,3-Butadiene Emission Inventory. As discussed above, the
inventory summarized in Table III-1 is subject to considerable
uncertainty; the document should include a discussion of the major
uncertainties. Among the uncertainties are several related to
emission factors for both on-road and other mobile sources. While
many of the emission factors used are given in Appendix A, the
original data used to determine the emission factors for on-road
motor vehicles are not identified. In addition, it is noted that
an update to the emission factors is expected in the late summer
of 1990. Since the preliminary draft was issued in February 1991,
the footnote 1is puzzling. The primary data sources are
particularly important because many of the organic analyses in the
literature do not resolve 1,3-butadiene from butane and other C4
hydrocarbons. Therefore, the estimated wvalues for 1, 3-butadiene
emissions may not be accurate.

In the late 1980's several high quality data sources reported 1, 3-
butadiene emissions from motor vehicles. For example, Marshall®
measured both engine out and catalyst exhaust 1,3-butadiene
emissions from nine late model (1985-1987) catalyst equipped
passenger cars. The engine out emissions averaged 34.6 mg/mi,
which is in reasonable agreement with the emission factor of 27.9
mg/mi for non-catalyst passenger cars given on page A-1 of Appendix
A. Marshall measured 0.87 mg/mi in the exhaust after the catalyst
demonstrating that the catalyst reduced 1,3-butadiene emissions by
97 percent. This is somewhat greater than the 90 percent reduction
in the CARB estimate given in Table A-1 of Appendix A.

Vostal, Williams, and Lipari® reported 1,3-butadiene measurements
from seven late model GM and Chrysler passenger cars that averaged
0.46 mg/mi —- with 1,3-butadiene representing 0.11 wt percent of
the exhaust HC emissions. An even larger data base that includes
1,3-butadiene exhaust measurements has recently been made available
to CARB by the Auto/0il Air Quality Improvement Research Program.
This data should be included in any estimates of current and future
year inventories.

Exposure to 1,3-butadiene in California. The preliminary draft
report includes the results from 360 individual 24-hour samples
collected at 20 toxic monitoring stations in California. Based on
these results, an overall population-weighted statewide 1,3-
butadiene concentration of 0.37 ppbv was calculated. This
concentration is referred to as an overall statewide exposure, but
GM is concerned that this is a misnomer. At best it could be
characterized as an overall statewide cutdoor exposure; but because
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people spend over 80 percent of their time indoors, it cannot be
considered an overall statewide exposure.

There are also several questions regarding the methodeology used to
obtain the samples. No description of the site selection criteria
for the 20 monitoring sites is given; to aid the reader in Jjudging
the appropriateness of the sites, the «criteria should be
referenced. In addition, the procedure in Appendix B specifically
calls for samples to be taken in stainless steel canisters and
analyzed as soon as possible. Although the draft indicates that
the samples collected in Tedlar bags are of verifiable quality, the
reasons for the difference between the written and actual
procedures should be documented.

There is another source of current ambient concentrations of 1,3-
butadiene in California -— the individual organic species measured
in hundreds of samples during the 1987 Southern California Air
Quality Study (SCAQS). This data should be used to get a better
idea of the spatial and temporal variation in ambient 1, 3-butadiene
concentrations so that more refined exposure analyses can be
carried out. There is another way that the SCAQS data can be used
-~ to verify overall estimates of 1,3-butadiene emissions from
vehicular sources. The SCAQS data can be used to estimate the
fraction of 1,3-butadiene in ambient non-methane organic carbon
concentrations. In a similar data base involving several hundred
samples collected in 1987 in 32 cities, Lonneman found that 1,3-
butadiene represented 0.22 wt percent of the carbon in the
samples.” The analogous fraction of carbon in the SCAQS samples.
can be used to check the estimated statewide emissions of 1,3-
butadiene.

In order to carry out a risk assessment, the long-term trend in
ambient 1,3-butadiene concentrations should be documented. Whereas
the Executive Summary indicated that "1,3-butadiene concentrations
are expected to increase in California in the next several years,
there is a substantial body of information documenting that current
ambient concentrations are only a fraction of the ambient
concentrations that existed 20 years ago. Altshuller, et al.”
measured individual hydrocarbons in several hundred samples
collected in Los Angeles over several months in the fall of 1967
and reported 1, 3-butadiene concentrations averaging 2 ppbv with 10
percent of the values exceeding 5 ppbv. Similarly, the average
1,3-butadiene concentration in 218 samples analyzed by the Los
Angeles Air Pollution Control District in 1965 was 2 ppbv.? Thus,
the current 1,3-butadiene concentrations in Los Angeles are roughly

. one-quarter of the concentrations measured in the middle-to-late

1960’s. This dramatic reduction in ambient concentrations occurred
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in spite of increasing population, numbers of vehicles or vehicle
miles travelled and is a clear indication of the success of the
emission controls on motor vehicles.

For the remaining emissions of 1,3-butadiene, it is instructive to
consider the fraction that are emitted by non-catalyst wvehicles.
From the emission factors and VMT estimates shown in Appendix A for
passenger cars and light- and medium-duty trucks, it can be shown
that non-catalyst vehicles are estimated to emit 60 percent of the
remaining 1, 3-butadiene emissions even though they account for only
13 percent of the vehicle miles travelled. Clearly, any additional
vehicle-related risk reduction efforts should be focused on these
clder, high-emitting wvehicles.

Estimates of Exposure from Indoor Air. The preliminary draft
correctly identifies environmental tocbacco smoke (ETS) as a major
source of 1,3-butadiene in indoor air. However, the draft
indicates that there is not sufficient information to make a
quantitative analysis at this time. Nevertheless, the draft
includes reference to several data sources that can be used to
provide some perspective on the exposures from ETS. Obviously, for
the 30 percent of persons over 18 that are current smokers, the
exposure to 1,3-butadiene from smoking overwhelms that from any
other sources. For the roughly equal portion of the population
that are former smckers, their lifetime exposure to 1,3-butadiene
has probably also been dominated by their smoking experience. For
non-smokers, the exposure to ETS is not insignificant. Survey
information referenced in the draft report indicates that
Californians are exposed to ETS approximately 2.6 hours each day
on the average. Because this is (probably) self-reported exposure,
it represents exposure over some threshold. In addition, the draft
indicates that about four percent of California residents reported
attending bars and nightclubs. Lofroth, et al."” have estimated
that the inhaled dose in two hours in such conditions is in the
range of 18 to 32 ug/exposure. For comparison, the daily inhaled
dose from the statewide ambient concentration reported in the draft
is 16.4 ug. Lofroth, et al. also report measurements of the
airborne yield of 1,3-butadiene from sidestream smoke of 400
ug/cigarette. When one considers that roughly 70 billion
cigarettes are smoked in California each year ~- for the most part
indoors -- the potential for significant exposure of non-smokers
to 1,3-butadiene from ETS is apparent.

In order to evaluate the relative risk from both outdoor and indoor
sources of 1,3-butadiene, GM recommends that CARB carry out
additional studies to quantitate this important exposure. While
the preliminary draft indicates that there is not sufficient
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information to make a guantitative analysis at this time, GM
submits that there is sufficient information to estimate total
daily intake of 1,3-butadiene from ETS -- or passive smoking as it
is also called -- when the information in Lofroth, et al. is
combined with the extensive body of existing information on the
exposure to ETS. Estimates of the typical daily intake of various
toxic constituents of cigarette smoke for both active and passive -
exposure are given in the attached Table C-3 from Appendix C of
EPA’s May 1990 review of the health effects of passive smoking.™
While it is recognized that exposure to ETS varies widely due. to
differences in the rate of smoking, types of cigarettes smoked,
room volumes, and ventilation rates in indoor environments, the EPA
calculated a "typical” exposure condition using representative
values of the composition of both mainstream and sidestream
cigarette smoke from the NRC assessment of the health effects of
ETS.” The typical exposures in Table C-3 are consistent with the
average concentrations of several airborne components -of ETS
measured in real indoor settings. '

Using the NRC reported value for the average emission rate of
respirable suspended particulate matter (RSP) per cigarette in
sidestream smoke, 26 mg, EPA calculated a daily intake for passive
exposure of 3 mg. Using the same methodology for 1,3-butadiene,
with an emission rate of 400 ug per cigarette, one can calculate
the average daily intake of a passive smoker to be 46 ug. This can
be compared to an average daily intake of 16.4 ug for an individual
exposed to the average ambient concentration of 0.37 ppbv (0.82
ug/m’) . Thus the exposure from typical indoor 1,3-butadiene
concentrations far exceeds that of typical outdoor concentrations.
In addition, the .statement that approximately 94 percent of
California’s airborne 1,3-butadiene comes from motor vehicles is
misleading. While motor vehicles are responsible for the bulk of
outdoor emissions of 1,3-butadiene, they are responsible for a much
smaller percentage of the actual 1,3-butadiene that Californians
are exposed to. The Part A Exposure Assessment and the Executive
Summary should make this point clear for the reader.

Comments on Part B Health Assessment

GM scientists compliment the CARB and DHS staffs on a thorough
review of the available information on the potential health effects
of 1,3-butadiene., GM particularly appreciates the DHS attempts to
discuss and include toxicokinetic aspects in the hazard evaluation
and risk assesssment process. It is, therefore, disappointing that
the document concludes on page 4-33 that the assessment cannot rely
at present on the pharmacokinetic estimates of metabolized dose
for estimating human health risks. GM feels strongly that
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considerations of pharmacokinetic principles in the disposition of
1,3 butadiene in the human body should be an integral part of the
hazard identification and would significantly improve the final
risk estimates. N

In general, General Motors concurs with the statement that "adverse
noncarcinogenic effects are not expected at the ambient levels of
1,3-butatadiene" -- currently not exceeding 2 ppbv in California.
Concerning the carcincgenicity of 1, 3-butadiene, GM scientists and
the scientific community at large are not absolutely certain that
the present evidence satisfactorily documents that the ambient
concentrations of 1,3-butadiene "may cause or contribute to an
increase in mortality and illness, thereby posing a potential
hazard to human health." In view of the recent public discussions®®
pointing out that a high percentage of all chemicals are expected
to be carcinogenic in animal tests at chronic exposures near
maximum tolerated doses, the automotive industry feels that
clarification of cancer-producing mechanisms is an important step
before final decisions are made on the real public health hazard
of a chemical.?” 1Indeed, the 1990 U.S. Clean Air Act Amendments
specifically require that "the EPA Administrator shall enter into
appropriate arrangements with the National Academy of Sciences to
review.. ...risk assessment methodology used to determine the
carcinogenic risk associated with exposure to hazardous air
pollutants” (the review will be completed before 1993). This
represents an important precedent; State Boards should also
consider evaluating and improving their ©risk assessment
methodology.

The document acknowledges that the mechanisms by which extremely
high concentrations of 1,3-butadiene produce tumcrs in animals are
still unknown. Unfortunately, no adequate experiments have been
conducted on animals at low ambient levels to date. The DHS's
conclusion that "no threshold mechanisms have been shown to
specifically affect the action of butadiene™ and the assumption
that "no practical threshold exists" are, therefore, in view of
these uncertainties premature. The text on page 4-3 recognizes
that threshold mechanisms based on saturation of detoxification
enzymes have been proposed but fails to mention this possibility
when the non-threshold action of butadiene is assumed in the cancer
potency estimates.

Additionally, some butadiene-induced tumors such as thymic
lymphoma/leukemia in the B6C3F1l mouse were not replicated in other
species of laboratory rodents (rat) and not all scientists would
agree that the evidence for chemical enotoxig) carcinogenicit

of butadiene in animals is sufficient. First, the in wvitro
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' genotoxicity " of butadiene has not been verified in vivo on

laboratory rats. Second, criteria for animal carcinogenicity tests
are currently under review by the U.S. National Academy of Sciences
{(NRC) . Third, the multiple site character of tumors as well as
wide tolerances to tumors in various species of laboratory rodents
suggest a potential non-specific action of high doses of the
chemical. The incidence of butadiene leukemia varies widely among
species and even among different strains of mice (B6C3Fl vs. NIH
Swiss mice!®) indicating that the tumors might be induced by
activation of endogenous leukemogenic retroviruses {ecotropic MULV)
rather than by the postulated direct chemical action of butadiene. '
This represents an important argument for a non- specific,
threshold-producing effect of butadiene based on secondary tumor-
regulating mechanisms. Since thymic lymphomas represent the most
substantial tumor response in mice, this factor could significantly
influence the resulting calculations of the cancer potency and unit
risk from animal data (page 4-20). At least, this evidence
questions the DHS conclusion that the mouse biocassay is "superior
to that of the rat data”™ and that "the mouse provides the best

estimate for the upper bound for plausible excess cancer risk to
humans."

The chemical carcinogenicity of 1,3-butadiene is further challenged
by the fact that the "epidemiological evidence of human
carcinogenicity is inadequate" in spite of high occupational
exposures and numerous studies. A greater emphasis on the existing
uncertainties would be, therefore, more appropriate than the
reported DHS "flndlng“ of 1,3-butadiene carcinogenicity in humans
(page 1-37).

In the quantitative assessment of the "theoretical”™ «risk
associated with continuous lifetime exposure to butadiene, wide
ranges of scaling procedures and assumptions have been used in
deriving unit risks. For example, Chapter 1.1.3.2 on Extrapolation
lists an assumption that only 16-17% of a low inhaled dose is
absorbed by animals resulting -in an absorbed dose of 18 to 38
mg/kg-day. The same text also states that a person living in an
area where the average butadiene concentration is 0.0004 ppm "would
receive an inhalation dose of 0.00025 mg/kg-day.” Not only is this
a dose that is approximately five orders of magnitude lower than
that in experimental animals, but a simple calculation suggests
that the estimate has been .based on the assumption that humans
retain 100 percent of the inhaled butadiene. Should the lower
absorption factor of 17% have been used in man as in animals, the
resulting dose would be approximately six times lower.

In assessing the potential risk for humans, the document’ s

10

e 000353

Kol S e e



conclusions recognize that:

(1) Because of the large differences in carcinogenic potency
between rats and mice, the question of which of the animal
models is more appropriate for humans remains unanswered. DHS
staff selected the mouse biocassay data but do not list the
evidence supporting the claim that the mouse data is "superior
to that of the rat data";

(2) DHS staff also arbitrarily accepts that the exposure in
humans results in the same absorption rate and handling of the
inhaled 1, 3-butadiene concentrations as in animals.

These and other assumptions result in a considerable level of
uncertainty in the predicted public health effects of ambient
concentrations of butadiene and may produce a substantial error in
the risk estimates.

Unfortunately, none of these uncertainties are adequately
emphasized in the Conclusions of the document. Indeed the
concluding chapter includes a statement on page 5-1 that the
average ambient levels of butadiene in California could be
associated with up to 1 to 128 additional cancers per million
lifetime exposed individuals. It would be more appropriate to state
that the exposures may result "in up to 0 to 1 or 0 to 128
additional cancer cases per million exposed depending on the
selected animal model."™ Dividing this estimate by the average
lifespan of 70 yrs, the prediction would result in up to 0 to 0.014
or 0 to 4.5 additional cancer cases per million exposed people per
year. As noted above, the inherent uncertainties in these
estimates are important caveats to the DHS conclusion that "1, 3-
butadiene is an air peoliutant that may contribute to an increase

in _mortality or serious illness or pose a present hazard to human
health."”
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TABLE C-3. SUMMARY OF CONCENTRATIONS AND DAILY INTAKES FOR
CONSTITUENTS OF CIGARETTE SMOKE, ASSUMING FRESH SS

“ Constituent* ct i it

Benzene 1.3 pg/m’ 21 ug 300 ug
Hydrazine 0.5 ng/m? 8 ng 300 ng
N-nitrosodimethylamine 30.0 ng/m’ 160 ng 300 ng
N-nitrosodiethylamine 3.0 ng/m?’ 48 ng 200 ng
N-nitrosopyrrolidine 2.0 ng/m’ 32ng 200 ng
RSP* 200.0 ug/m* 3 mg 240 mg
Nicotine® 23.0 pg/m’ 370 ug 14 mg
2-Naphthylamine® 0.3 ng/m’ 5ng 20 ng
4-Aminobipheny?® 0.9 ng/m’ 14 ng 50 ng
Benz(a)anthracene® . 0.8 ng/m’ 13 ng 500 ng
Benzo(a)pyrene® 0.5 ng/m’ 8ng 300 ng
A-Butyrolactone* 0.3 pg/m’ 5ng 150 ug
N-nitrosonornicotine® . : 17.0 ng/m® 270 ng 15 ug
N-nitrosodiethanolamine* 0.3 ng/m’ 5ng 500 ng
Nickel* 6.0 ng/m* 96 ng 500 ng

Polonium-210°

*  Only constituents listed as human carcinogens, suspected human carcinogens or animal
A ) carcinogens (NRC, 1986) are listed, with the exception of nicotine (a precursor to
’ . carcinogens).

** For passive exposures only.
t  Intake for passive exposure.

' Intake for active exposure.
*  Chemicals located in the particulate phase for both active and passive smokers.

®  Nicotine is assumed to be entirely in the particulate phase for active smokers and entirely in
. the vapor phase for passive smokers.
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oM . Environmentat Activities Statt
- ' : ' General Motors Corporation
General Motors Technical Center

30400 Mound Road

Box 9015

Warren, Michigan 48000-9015

SM-2059
March 22, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: 1,3-Butadiene

P.O. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma:

Please find attached General Motors comments on the California Air
Resources - Board preliminary draft report titled PRroposed

Identification of 1,3-Butadiene as a Toxic Air Contaminant, dated
FPebruary 1991. General Motors comments focus on the feollowing

three points:

. The report does not properly inform the reader that the risk.
from motor vehicle 1,3-butadiene emissions has been reduced
dramatically over the past 20 years and will continue to
decrease substantially due to CARB’s regulatory program for
controlling criteria pollutants;

*  The report does not provide the proper perspective on the
risk from motor vehicles relative to the much larger risks
from indoor sources such as environmental tocbacco smoke; and

o The report should better portray the 1limitations and
uncertainty associated with the range of unit risk factors
developed for 1,3-butadiene.

If you have any questions concerning these comments, please
contact aither J. M. Heuss or J. J. Vostal of my staff at 313-
947-1787 oxr 313-947-1637, respectively.
Sincerely,
'2?;%;8..A. Leonafd, actor

Automotive Emission Control

Attachment
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GERERAL MOTORS COMMENTS ON
PROPOSED IDENTIFICATION OF 1,3-BUTADIENE AS A
TOXIC AIR CONTAMINANT BY THE STATE OF CALIFORNIA

General Motors (GM) has reviewed the preliminary draft prepared by
the Staffs of the Air Resources Board and the Department of Health
Services and offers the following comments. While the document
indicates that 1, 3~butadiene may cause or contribute to an increase
in mortality and illness, thereby posing a poetential hazard to
human health, GM is concerned that the risk from present and future
ambient concentrations of 1,3-butadiene is not put into the proper
perspective in the prel:.minary draft. In particular, the
preliminary draft fails to inform the reader that the risk from
motor vehicle 1, 3-butadiene emissions has been reduced dramatically
over the past 20 years and will continue to decrease substantially
due to CARBR’s regulatory program for controlling criteria
pollutants. In addition, the reader is not provided perspective on
the substantial human exposures to 1,3-butadiene from other
sources, including envirconmental tobacco smoke. Finally, the
limitations and uncertainty associated with the range of unit risk
factors developed for 1,3-butadiene should to be better portrayed
to the reader.

Commante on Executive Summary

There are several statements in the Executive Summary that are
incorrect. First, in response to the question "Are emissions of
1,3-butadiene expected to increase in the state?,” the draft
indicates:

"Yes, for the next two years emissions of 1,3-butadiene are
expected to increase in California. Approximately 94 percent
of California’s airborne 1,3-butadiene comes Ifrxom an
increasing number of gas and diesel-fueled motor vehicles.
Several regulations have been adopted by the ARB which are
expected to result in emission reductions of 1,3-butadiene
from light duty motor vehicles starting in 1993." )
This statement is incorrect and severely misleading. The fact that
1,3-butadiene emissions from motor vehicles are already
substantially controlled is documented by the emission factors
given on page A-1 of Appendix A to the Part A Exposure Assessment.
The fact that ambient concentrations of 1, 3-butadiene in California
have been dramatically reduced over the past 20 years by the
California Motor Vehicle Emission Control program is documented in
our comments on Part A.  Factually, existing regulations together
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with the numerous new regulations focused on reducing hydrocarbon
emissions will continue to dramatically reduce ambient

. copcentrations of 1,3-butadiene for the foreseeable future. Day

by day new vehicles with low emissions of 1,3-butadiene are
replacing older, higher emitting vehicles. In the preliminary
motor vehicle emission inventory developed in 1987, CARB pointed
out that the attrition of non-catalyst vehicles would reduce the
1,3-butadiene inventory 61 percent by the year 2000. New
regulations adopted since that calculation was made will reduce
emissions even further.

Second, GM has concerns related to the precision with which the
estimated inventory of 1,3-butadiene emissions from "guantified"
sources in California (Exposure A-7) is expressed. As Appendix A
indicates, butadiene emissions continue to be derived from the
butadiene/TOG ratico and based on "preliminary" inventories
calculated by the CARB' in 1987 "as a very rough approximation of
the true emission inventory." This preliminary estimate was at
that time considered to suffer from a possible "error of as much
as factor of two." An additional error could have been introduced -
by unexplained "adjustments" -- an increase of 20% and 50% for
gasoline and diesel fueled vehicles respectively. These adjustments
were "based on revisions to the emission factors as communicated
by MSD"? but aze not explained in the document.

Because motor. vehicle 1,3-butadiene emissions have been measured
directly since 1987, the use of oversimplified correction factors
is outdated and could seriously misinform the reader. General
Motors feels strongly that the emission factors used in paragraph
A and B, Appendix A should be replaced by measured butadiene
emissions or the potential range of error should be discussed in
the text. Butadiene data from the new Auto/0il Industry research
project, in particular, could provide a Dbetter basis for
statistically robust inventozies.’ :

Third, in respomse to the question "What about indoor exposure to
1,3-butadiene?, " the Executive Summary indicates that indcor air
may be the major route of exposure toO 1,3-butadiene for those
individuals exposed to a heavy smoking environment. Based on the
available data it is clear that indoor air is the major route of
exposure to 1,3-butadiene for smokers as well as those exposed to
a heavy smoking environment and that exposure to environmental
tobacco smoke (ETS) is a major route of exposure to 1,3-butadiene

for most Californians. An estimate of the average daily intake of

i, 3-butadiene from ETS is made in the comments to follow; it ig 2.8
times the daily intake from the population-weighted statewide
average ambient 1,3-butadiene concentration. .
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GM believes that a knowledge of the relative contributions of
individual sources is important for better estimates of public
expogure. In the 1980’3, the U.S. EPA . introduced 2 new conceptual
model ¢of total human exposure (TEAM} and used it to compare benzene
emissions vs. exposures. The analysis in Table 1 shows how
significant individual sources of exposure are because the general
public spends most of its time indoors.

Table 1. Benzene Emissions Inventories vs. Public Exposures based
on Personal Monitoring®

Contributions Based on

Emissions Inventories Personal Monitoring
Autos 82% 18%
Cigarettes 1% 39%
Environmental Tobacco Smoke - 5%
Industry 14% 3%
Peraonal & Bome 3% 34%
Total 100% 100%

These results suggest that corresponding corrections should be
applied in estimating public exposures to 1,3-butadiene. In fact,
because the benzene and butadiene centent of cigarette smoke is
gimilar while the ambient exposure to benzene is many times that
of butadiene, a corresponding comparison for butadiene will
probably show an even smaller contribution from motor vehicles than
shown in Table 1. An estimate of the sources of personal exposure
to 1,3-butadiene would be more useful than the simple proportioning
of the ambient inventories given in the Executive Summary.

Fourth, in response to the guestion "What is the risk assessment
for exposure to 1,3-butadiene?,” the Executive Summary indicates
that "the. DHS staff estimates the number of potential excess
cancers due to airborne 1, 3-butadiene exposure to range from 1 to
115 additiocnal cancers per million pecple exposed throughout their
lives..." GM suggests that the phrase "upper limit" be added so
that the range of potential cancers is put in the correct
pexrspective for decision makers. CARB has approached the potential

health risks from toxics with great caution, While this is
understandable, GM believes extreme care must be taken to keep the
estimates in their proper context -- otherwise they will be

misinterpreted and the risk from ambient 1,3-butadiene will be
improperly perceived as a major threat to public health. For
example, Vostal et al.® -~ considering the situation when all motor
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vehicles will be equipped with current emission controls -- have
predicted minimal effects of butadiene from motor vehicles on the
U.S. annual cancer incidence (0 to (.03 cases per million urban
pepulation}. '

As CARE evaluates the risk from exposure to 1,3~butadiene and other
airborne toxics, GM recommends that it consider the findings and
recommendations from several important reports and reviews by
eminent scientific groups. 1In particular, EPA’s Science Advisory
Board (SAB) has recently recommended that the Agency should target
its environmental protection efforts on the basis of opportunities
for the greatest risk reduction.® In order to set priorities, the
'SAB indicated that the Agency "must weigh the relative risks posed
by different environmental problems, determine if there are cost-
effective opportunities for reducing those risks, and then identify
the most cost-effective risk reduction optioms." Further, the SAB
recommended that EPA improve the data and analytical methodelogies
that support risk assessment and comparison, indicating that risk
rankings should be based on the total human exposure to specific
toxic agents.

A recent National Research Council review of human exposure
assessment for airborne pollutants came to similar conclusions.’
The NRC committee wrote that "risk reduction strategies that
address only outdoor air are only partially effective. such
strategies need to be modified to better address the importance of
indoor exposures.” To set priorities for reducing risk to
potentially harmful pollutants, the committee indicated that all
media and all routes of exposure must be assessed.

In order to compare risks from different agents and routes of
exposure, Paustenbach, et .al.’, in a review of the curreat
practice of health risk assessment, recommend that "in each portion
of an assessment, the weight of evidence approach should be used
to identify the most defensible value. In the risk
characterization, the best estimate of the potential risk as well
as the highest plausible risk should be presented.” -

GM suggests that CARB follow these recommendations in the
continuing evaluation of the risks associated with 1,3-butadiene
and other toxic air contaminants.

Specific GM comments on Parts A and B of the preliminary draft
follow. -
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Comments on Part A Exposure Assessment

1,3-Butadiene Emission Inventory. As discussed above, the
inventory summarized in Table III-1 is subject to considerable
wacertainty; the document should include a discussion of the major
uncertainties. Among the uncertainties are several related to
emission factors for both on-road and other mobile sources. While
many of the emission factors used are given in Appendix A, the
original data used to determine the emission factors for on-road
motor vehicles are not identified. In addition, it is noted that
an update to the emission factors is expected in the late summer
of 1990. Since the preliminary draft was issued in February 1991,
the <footnote 1is puzzling. The primazxy data sources are
particularly important because many of the organic analyses in the
literature do not resolve 1,3-butadiene from butane and other C4
hydrocarbons. Therefore, the estimated values for 1, 3-butadiene
emissions may not be accurate.

In the late 1980’s several high gquality data sources reported 1,3~
butadiene emissions from motor vehicles. For example, Marshall’
measured both engine out and catalyst exhaust 1,3~butadiene
emissions from nine late mcdel (1985-1987) catalyst equipped
passenger cars. The engine out emissions averaged 34.6 mg/mi,
which is in reasonable agreement with the emission factor of 27.9
mg/mi for non-catalyst passenger cars given on page A-l of Appendix
A. Marshall measured 0.87 mg/mi in the exhaust after the catalyst
demonstrating that the catalyst reduced 1,3~butadiene emissicns by
97 percent. This is somewhat greater than the 30 percent reduction
in the CARB estimate given in Table A-1 of Appendix A.

Vostal, Williams, and Lipari® reported l,3-butadiene measurements
from seven late model GM and Chrysler passenger cars that averaged
0.46 mg/mi —- with 1,3-butadiene representing 0.1l wt percent of
the exhaust HC emissions. An even larger data base that includes
1, 3-butadiene exhaust measurements has receatly been made available
to CARB by the Auto/0il Air Quality Improvement Research Program.
This data should be included in any estimates of current and future
year inventories.

Exposure to 1,3-butadiene in California. The preliminary draft
report includes the results from 360 individual 24-hour samples
coliected at 20 toxic monitoring stations ip California. Based on
these results, an overall population-weighted statewide 1,3~
butadiene concentration of 0.37 ppbv was c¢alculated. This
concentration is referred to as an overall statewide exposure, but
GM is concerned that this is a misnomer. At best it could be
characterized as an overall statewide putdoor exposure; but because
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people spend over 80 percent of their time ipdoors, it cannot be
considered an overall statewide exposure.

There are also several questions regarding the methodology used to
obtain the samples. No description of the site selection criteria
for the 20 monitoring sites is given; to aid the reader in judging
the appropriateness of the sites, the criteria should be
referenced. In addition, the procedure in Appendix B specifically
calls for samples to be taken in stainless steel canisters and
analyzed as soon as possible. Although the draft indicates that
the samples collected in Tedlar bags are of verifiable quality, the
reasons for the difference between the written and actual
procedures should be documented.

There is another source of current ambient concentrations of 1,3~
butadiene in California -- the individual organic species measured
in hundreds of samples during the 1987 Southern California Air
Quality Study (SCAQS). This data should be used to get a better
idea of the spatial and temporal variation in ambient 1,3-butadiene
concentrations so that more refined exposure analyses c¢an be
carried out. There is another way that the SCAQS data can be used
-- to verify overall estimates of 1,3~-butadiene emissions from
vehicular sources. The SCAQS data can be used to estimate the
fraction of 1,3-butadiene in ambient non-methane organic carbon
concentrations. In a similar data base invelving several hundred
samples collected in 1987 in 32 cities, Lonneman found that 1,3-
butadiene represented 0.22 wt percent of the carbon in the
samples.® The analogous fraction of carbom in the SCAQS samples
can be used tc check the estimated statewide emissions of 1,3~
butadiene. '

In order to carry out a risk assessment, the long-term trend in
ambient 1,3-butadiene concentrations should be documented. Whereas
the Executive Summary indicated that 1,3-butadiene concentrations
are expected to increase in California in the next several years,
there is a substantial body of information documenting that current
ambient concentrations are only a fraction of the ambient
concentrations that existed 20 years ago. Altshuller, et al.”
measured individual hydrocarbons in several hundred samples
collected in Los Angeles over several months in the fall of 1967
and reported l,3-butadiene concentrations averaging 2 ppbv with 10
percent of the values exceeding 5 ppbv. Similarly, the average
1,3-butadiene concentration in 218 samples analyzed by the Los
Angeles Air Pollution Control District in 1965 was 2 ppbv.*? Thus,
the current 1,3-butadiene concentrations in Los Angeles are roughly
one-quarter ©f the concentrations measured in the middle-to-late
1960’s. This dramatic reduction in ambient concentrations occurred



in spite of increasing population, numbers of vehicles or vehicle
miles travelled and is a clear indication of the success of the
emission controls on motor vehicles.

For the remaining emissions of 1, 3-butadiene, it is instructive to
consider the fraction that are emitted by non-catalyst vehicles.
From the emigsion factors and VMT estimates shown in Appendix A for
passenger cars and light- and medium~duty trucks, it can be shown
that non-catalyst vehicles are estimated to emit 60 percent of the
remaining 1,3-butadiene emissions even though they account for only
13 percent of the vehicle miles travelled. Clearly, any additional
vehicle-related risk reduction efforts should be focused on these
older, high-emitting vehicles,

Estimates of Exposure from Indoor Air. The preliminary draft
correctly identifies enviromnmental tobacco smoke (ETS) as a major

source of 1,3-butadiene in indoor air. However, the draft
indicates that there is not sufficient information to make a
quantitative analysis at this time. Nevertheless, the draft

includes reference to several data sources that can be used to
provide some perspective on the exposures from ETS. Obviously, for
the 30 percent of persons over 18 that are current smokers, the
exposure to 1l,3-butadiene from smoking overwhelms that from any
other sources. For the roughly equal portion of the population
that are former smokers, their lifetime exposure to 1,3-butadiene
has probably also been dominated by their smoking experience. For
non—-smokers, the exposure to ETS is not insignificant. Survey
information referenced in the draft report indicates that
Californians are exposed to ETS approximately 2.6 hours each day
on the average. Because this is (probably) self-reported exposure,
it represents exposure over some threshold. In addition, the draft
indicates that about four percent of California residents reported
attending bars and nightelubs. Lofroth, et al.® have estimated
that the inhaled dose in two hours in such conditions is in the
range of 18 to 32 ug/exposure. For comparison, the daily inhaled
dose from the statewide ambient concentration reported in the draft

ig 16.4 ug. Lofroth, et al. also report measurements of the
airborne yield of 1,3-butadiene from sidestream smoke of 400
ug/cigarette. When one considers that roughly 70 billion

cigarettes are smoked in California each year -- for the most part
indoors -- the potential for significant exposure of non-smokers
to 1,3-butadiene from ETS is apparent.

In order to evaluate the relative risk from both outdoor and indoor
sources of 1,3-butadiene, GM recommends that CARB carry out
additicnal studies to quantitate this important exposure. While
the preliminary draft indicates that there is net sufficient




information to make a quantitative analysis at this time, GM
submits that there is sufficient information to estimate total
daily intake of 1,3-butadiene from ETS -~ or passive smoking as it
is also called -- when the information in Lofroth, et al. is
combined with the extensive body of existing information on the
exposure to ETS. Estimates of the typical daily intake of various
toxic constituents of cigarette smoke for both active and passive
exposure are given in the attached Table C-3 from Appendix C of
EPA’s May 1990 review of the health effects of passive smoking.™
While it is recognized that exposure to ETS varies widely due to
differences in the rate of smoking, types of cigarettes smoked,
room volumes, and ventilation rates in indoor environments, the EPA
calculated a "typical" exposure condition using representative
values of the composition of both mainstream and sidestream
cigarette smoke from the NRC assessment of the health effects of
ETS.® The typical exposures in Table C-3 are consistent with the
average concentrations of several airborne components of ETS
measured in real indoor settings.

Using the NRC reported value for the average emission rate of
- regpirable suspended particulate matter (RSP) per cigarette in
sidestream smoke, 26 mg, EPA calculated a daily intake for passive
exposure of 3 mg. Using the same methodology for 1,3-butadiene,
with an emission rate of 400 ug per cigarette, one can calculate
the average daily intake of a passive smoker to be 46 ug. This can
be compared to an average daily intake of 16.4 ug for an individual
exposed to the average ambient concentration of 0.37 ppbv (0.82
ug/m’) . Thus the exposure from typical indoor 1,3-butadiene
concentrations far exceeds that of typical outdoor concentrations.
In addition, the statement that approzimately 94 perzcent of
California’s airborne 1,3-butadiene comes from motor vehicles is
misleading. While motor vehicles are responsible for the bulk of
outdoor emissions of 1,3-butadiene, they are responsible for a much
smaller percentage of the actual 1,3-butadiene that Californians
are exposed to..  The Part A Exposure Assessment and the Executive
Summary should make this point clear for the readez.

Comnents on Fart B Heazlth Assessmont

GM scientists compliment the CARB and DHS staffs on a thorough
review of the available information on the potential health effects
of 1,3<butadiene. GM particularly appreciates the DHE attempts to
discuss and include toxicokinetic aspects in the hazard evaluation
and risk assesssment process. It is, therefore, disappointing that
the document concludes on page 4-33 that the assessment cannot rely
at present on the pharmacokinetic estimates of metabolized dose
for estimating human health risks. GM feels strongly that




considerations of pharmacokinetic principles in the disposition of
1,3 butadiene in the human body should be an integral part of the
hazard identification and would significantly improve the final
risk estimates.

In general, General Motors concurs with the statement that "adverse
noncarcinogenic effects are not expected at the ambient levels of
1,3-butatadiene” -- currently not exceeding 2 ppbv in California.
Concerning the carcinogenicity of 1, 3~butadiene, GM scientists and
the scientific community at large are not absolutely certain that
the present evidence satisfactorily documents that the ambient
concentrations o©f 1,3-butadiene "may cause or contribute to an
increase in mortality and illness, thereby posing a potential
hazard to human health.” In view of the recent public discussions®®
pointing out that a high percentage of all chemicals are expected
to be carcinogenic in animal tests at chronic exposures near
maximum tolerated doses, the automotive industry feels that
clarification of cancer-producing mechanisms is an important step
before final decisions are made on the real public health hazard
of a chemical.’ Indeed, the 1990 U.S. Clean Air Act Amendments
specifically require that "the EPA Administrator shall enter into
appropriate arrangements with the National Academy of Sciences to
review.. ...risk assessment methodology used to determine the
carcinogenic risk associated with exposure o hazardous air
pollutants” (the review will be completed before 1993). This
represents an important precedent; State Boards should also
consider evaluating and improving their 1risk assessment
methodology.

The document acknowledges that the mechanisms by which extremely
high concentrations of 1,3-butadiene produce tumors in animals are
still unknown. Unfortunately, no adequate experiments have been
conducted on animals at low ambient levels to date. The DHS’s
conclusion that "n¢o threshold mechanisms have been shown to
specifically affect the action of butadiene” and the assumption
that "no practical threshold exists" are, therefore, in view of
these uncertainties premature. The text on page 4-3 recognizes
that threshold mechanisms based on saturation of detoxification
enzymes have been proposed but fails to mention this possibility
when the non-threshold action of butadiene is assumed in the cancer
potency estimates.

Additionally, some butadiene-induced tumors such as thymic
lymphoma/leukemia in the B6C3Fl mouse were not replicated in other
species of laboratory rodents (rat) and not all scientists would
agree that the evidence for chemical en xi arcin nicit

of butadiene in animals is sufficient. First, the in vitroe

ZonTlD 0900368

L e R Sl -t S MR-t me L T .2C DM P11




"

genotoxicity of butadiene has not been verified in _wvivo on
laboratory rats. Second, criteria for animal carcinogenicity tests
are currently under review by the U.S. National Academy of Sciences
(NRC). Third, the multiple site character of tumors as well as
wide tolerances to tumors in various species of laboratory rodents
suggest a potential non-specific action of high doses of the
chemical. The incidence of butadiene leukemia varies widely among
species and even among different strains of mice (B6C3F1 vs. NIH
Swiss mice™) indicating that the tumors might be induced Dby
activation of endogenous leukemogenic retroviruses (ecotropic MULV)
rather than by the postulated direct chemical action of butadiene.”
This represents an important argument for =a non-specific,
threshold-producing effect of butadiene based on secondary tumor-
regulating mechanisms. Since thymic lymphomas represent the most
substantial tumor response in mice, this factor could significantly
influence the resulting calculaticns of the cancer potency and unit
risk from animal data (page 4-20). At least, this evidence
questions the DHS conclusion that the mouse bicasgay is "superior
to that of the rat data" and that "the mouse provides the best
estimate for the upper bound for plausible excess cancer risk to
humans."” '

The chemical carcinogenicity of 1,3-butadiene is further challenged
by the fact that the "epidemiological evidence of human
- carcinogenicity is inadequate” in spite of high occupational
exposures and numerous studies. A greater emphasis on the existing
uncertainties would be, therefore, more appropriate than the
reported DHS "finding” of 1,3-butadiene ¢carcinogenicity in humans
{page 1~37).

In the quantitative assesament of the "theoretical™ risk
associated with continuous lifetime exposure to butadiene, wide
ranges of scaling procedures and assunptions have been used in
deriving unit risks. For example, Chapter 1.1.3.2 on Extrapolation
lists an assumption that only 16-17% of a low inhaled dose is
absorbed by animals resulting in an absorbed dose of 18 to 38
mg/kg-day. The same text alsc states that a person living in an
area where the average butadiene concentration is 0.0004 ppm "would
receive an inhalation dose of 0.00025 mg/kg~day." Not only is this
a dose that is approximately five orders of magnitude lower than
that in experimental animals, but a simple calculation suggests
that the estimate has been based on the assumption that humans
retain 100 percent of the inhaled butadiene. Should the lower
absorption factor of 17% have been used in man as in animals, the
resulting dose would be approximately six times lower.

In assessing the potential risk for humans, the document’s
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conclusions recognize that:

(1) Because of the large differences in carcinogenic potency
between rats and mice, the gquestion of which of the animal
models is more appropriate for humans rémains unanswered. DHS
staff selected the mouse bicassay data but do not list the
evidence supporting the claim that the mouse data is “superior
to that of the rat data™;

(2) DHS staff also arbitrarily accepts that the exposure in
humans results in the same absorption rate and handling of the
inhaled 1,3-butadiene concentrations as in animals.

These and other assumptions result in a considerable level of
uncertainty in the predicted public health effects of ambient
concentrations of butadiene and may produce a substantial error in
the risk estimates.

Unfortunately, none c¢f these uncertainties are adequately
emphasized in the Coaclusions of the document. Indeed the
concluding chapter includes a statement on page 5-1 that the
average ambient levels of butadiene in California could be
associated with up to 1 to 128 additional cancers per million
lifetime exposed individuzals. It would be more appropriate to state

that the exposures may vresult "in yp to 0 to 1 oxr 0 to 128

additional cancer cases per million exposed depending on the
selected animal model." Dividing this estimate by the average

lifespan of 70 yrs, the predictijon would result in up to 0 to 0.014
or 0 to 4.5 additional cancer cases per million exposed pecple per
year. As noted above, +the inherent uncertainties in these
estimates are important caveats to the DHS conclusion that "1,3-
butadiene is an ajr pollutant that may contribute to an increase
ip mortality or serious illness or pose a present hazard to human

health,"
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TABLE C-3. SUMMARY OF CONCENTRATIONS AND DAILY INTAKES FOR
CONSTITUEN’IS OF CIGARETTE SMOKE, ASSUMING FRESH 8§

e e ———

| :

| Constituent* , c i It

‘ il

§ Benzene 13 pgfm’ 21 ug 300 ug

| Hydrazine 0.5 ng/m’ 8 ng 300 ng

: N-mu'osodunethylamme 300 ng/m’ 160 ng 300 ng

| N-nitrosodiethylamine 3.0 ng/m? 48 ng 200 ng

! N-nitrosopyrrolidine 2.0 ng/m’ 2 ng 200 ng !

| Rsp* ° 200.0 pg/m* - 3mg 240 mg :

| Nicotine® 23.0 wg/m’ 370 ug 14 mg :
2-Naphthylamine* 0.3 ng/m? 5ng 20 ng .
4-Aminobipheny* 0.9 ng/m’ 14 ng 50 ng i
Benz(a)anthracene* 0.8 ng/m’ 13 ng 500 ng :
Benzo(a)pyrene® . ' 0.5 ng/m’ 8 ng 300 ng '
A-Butyrolactone* 03 pg{m" Sng 150 ug
N-nitrosonornicotine® 170ngﬁn 270 ng 15 ug
N-nitrosodiethanolamine* : 0.3 ng/m’ Sng - 500 ng
Nickel* 6.0 ng/m® 96 ng 500 ng
Polonium-210° 2.0 nC,/m? 32 nC, 1pC

* Only constituents listed as human carcinogens, suspected human carcinogens or animal
carcmogens (NRC, 1986) are hsted, with the exception of nicotine (a precursor to

carcinogens).
** For passive exposures only.
t  Intake for passive exposure.
1t Intake for active exposure.
* Chemicals located in the particulate phase for both active and passive srnokérs.

® Nicotine is assumed to be entirely in the particulate phase for active smokers and entirely in
the vapor phase for passive smokers.
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INTERNATIONAL

\:—"
INSTITUTE OF
SYNTHETIC RUBBE
=

PRODUCERS, INC.

March 21, 1991

VIA FEDERAL EXPRESS

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

ATTN: 1,3-Butadiene

1102 Q Street

Post Office Box 2815

Sacramento, CA 95812

RE: Proposed Identification of 1,3-Butadiene as a Toxic Air
Contaminant (Preliminary Draft, February 1991}

Dear Ms. Shiroma:

The International Institute of Synthetic Rubber
Producers (IISRP), representing more than 50 worldwide producers
of synthetic rubber, is pleased to provide these comments on the
Preliminary Draft "Proposed Identification of 1,3-Butadiene as a
Toxic Air Contaminant.”" TIISRP has been an active participant in
assessing the toxicity of butadiene. We have sponsored a major
lifetime rat inhalation study of butadiene and the largest
epidemiology study conducted in the world of butadiene-exposed
workers. TISRP has also been a major participant in the current
OSHA rulemaking on butadiene.

Our comments here concentrate on the available human
evidence. Detailed comments on the available animal evidence,
which we also recommend you consider carefully, are being
submitted by the Butadiene Panel of the Chemical Manufacturers
Association.

Before discussing the available human evidence, we note
that the "Preliminary Draft, Part A, Exposure Assessment,
(February 1991)" contains old emissions data for Styrene-
Butadiene Copolymer Plants. To our knowledge, the only polymer
plants using butadiene in cCalifornia are the two SB latex plants
referenced, one in Northern California and another in Southern
California. We have been informed that both plants have provided
government authorities more current emissions data than that
contained at page A-11 of your Preliminary Draft.

The preliminary draft does not include a number of .
recent publications. Specifically, we refer to five enclosed
articles published as a part of the proceedings of the

| | 000374
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INTERNATIONAL tNSTITUTE OF SYNTHETIC RUBEER PRCDUCERS. INC.

Genevieve Shiroma, Chief

March 21, 1991
Page 2

International Symposium on 1, 3-Butadiene published in the June
1990 issue of Environmental Health Perspectives. The Board is
also referred to the extensive materials submitted to the
Occupational Safety and Health Administration (OSHA) docket for
the 1,3-butadiene proposed rulemaking. We enclose here the
testimony submitted by Drs. John Acqguavella and Philip Cole on
behalf of the International Institute of Synthetic Rubber
Producers.

. The testimony of Drs. Acquavella and Cole includes
detailed analyses of all the available epidemiolcogy studies. We
recommend your close review of these analyses. These analyses

- show that the large available data base demonstrates that

butadiene is not a human cancer risk at current occupational
exposure levels, and, ‘therefore, also not at lower environmental
levels. We summarize those analyses below. Our specxflc
comments on the CARB draft's discussion of these issues are
attached.

Several follow-up studies of styrene-butadiene rubber
(SBR) workers and of workers in butadiene manufacture contain
useful information on the relation between employment in these
industries and mortality. These investigations include 17,448
subjects with an average of 22 years of follow-up. The '
Standardized Mortality Ratio (SMR) for all causes of death and
specific cancers are not elevated. Also, mortality rates are low
for butadiene exposed subgroups across studies. On this point,
there has been universal agreement, both at the butadiene
symposium and the OSHA hearings.

Particular attention has been focused on the occurrence
of lymphatic and hematopoietic cancer (LHC). These studies
collectively reported a total of 36 observed leukemia deaths,
compared with 34.1 expected (SMR of 106, with a 95% confidence
interval of 74 - 146). These null data show no association
between butadiene industry employment and this disease.
Similarly, there is little difference between the observed and
expected numbers of deaths from other forms of LHC: 20/17.8 (SMR
= 112; 95% CI = 69 - 173) for lymphosarcoma and reticulosarcoma;
12/10.2 (SMR = 118; 95% CI = 61 - 206) for Hodgkin's disease; and
22/21.6 (SMR = 102; 95% CI = 64 - 154) for other forms of LHC.

Two of the studies (Divine 1990; Matanoski 1988),
permit an evaluation of LHC patterns by duration of employment
and time since hire. For subjects with <10 years and with 10+
years of employment, the aggregate data show SMRs of 111 (35/32)
and 102 (45/44), respectively. For subjects with <10 years and
with 10+ years since hire, the SMRs are 83 (7 observed/8 expected
LHC deaths) and 108 (73/67), respectively. Again, these data

2077 SOUTH GESSNER ROAD / SUITE 1 H&SUSTON—-TEXAS 77063 / (713) 783-7511 / TELEX 791062 000375

O S



HTERNATICNAL INSTITUTE OF SYNTHETIC RUBBER PRCDUCERS. INC

Genevieve Shiroma, Chief
March 21, 1991
Page 3

support the absence of a causal relation between butadiene
industry employment and LHC.

The IISRP SBR worker research program is by far the
largest and most significant for the assessment of human risk
from butadiene exposure (Matanoski 1988, Matanoski 1990). This
study included 12,110 workers at eight SBR plants followed over a
40-year period during which exposures were higher than current
occupational exposures.

Lymphopoietic cancer mortality for this large cohort
was lower than or consistent with general population rates.
Specific findings were: all lymphopoietic cancers (55 observed
(obs), 56.7 expected (exp), standardized mortality ratio (SMR) =
97}); lymphosarcoma (7 obs, 11.5 exp, SMR = 61); and leukemia (22
obs, 22.8 exp, SMR = 96). Analyses by job category also showed
low mortality rates. Importantly, leukemia mortality was not
elevated for the two job category subgroups with highest
potential for butadiene exposure -- production workers (7 obs,
6.4 exp, SMR = 111) and mechanical workers (6 obs, 8.6 exp, SMR =
70) . The overwhelming evidence from this study does not show an
excess of leukemia or any other cause of death associated with
butadiene exposure or employment in the SBR industry.

The IISRP program also sponsored further research into
the relationship between butadiene and lymphopoietic cancers
through a nested case control study {(Matanoski 1989). The
findings and conclusions for leukemia from the case control study
were markedly inconsistent with the low leukemia mortality rates
found in the cohort study of the same population. That is,
despite the lack of a leukemia excess for the large SBR cohort,
the case control study found a significantly elevated odds ratio
(OR) of 7.6 for butadiene and leukemia. This discrepancy seems
to reflect, in part, a deficit of leukemia mortality among
unexposed workers and more normal mortality rates among exposed
workers. In addition, reanalysis of the case control data shows
that the OR of 7.6 was based on a very selective analysis,
reflected by the marked decrease in the butadiene-leukemia OR
which results from minor changes in exposure categorization
(i.e., from 7.6 to 0.9). Until the discrepancies between the SBR
worker cohort and case control results are resolved, the OR
estimates from the case control study should not be interpreted
at face value. Rather, emphasis should be placed on finding an
interpretation for the case control results that is consistent
with the lack of a leukemia excess for the SBR worker cohort
overall.

In conclusion, the epidemiologic evidence relating to
employment in the butadiene industries demonstrates that such
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Genevieve Shiroma, Chief
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employment does not increase the risk of any cause of death
including LHC. The studies show collectively that overall cancer
mortality is lower than that of the general population.

To assist your review, we are enclosing specific
comments on the CARB draft and a set of some of the references
noted in this letter. We appreciate the opportunity to comment
on this draft and to supply additional materials for the Board's
evaluation of butadiene epidemiology. If we can be of further
assistance, please call Dr. John Acquavella, Chairman of IISRP's
Epidemiology Committee, at (314) 694-8813.

Sincerely,

William E. Tessner
Managing Director

Enclosures
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General Comments

As discussed in our cover letter the California Air
Resources Board (CARB) review of the butadiene (BD) epidemiology
studies does not cover a number of recent publications on the
topic, including five articles published as a part of the
proceedings of the International‘Symposium on 1,3-Butadiene in
the June 1990 Environmental Health Perspectiﬁes (enclosed). CARB
should also view the éxtensive materials submitted to the
Occupational Safety and Health Administration (OSHA) docket for
the 1,3-Butadiene rulemaking. We enclose testimonies submitted
to OSHA by Drs. Acquavella and Cole on behaif 6f the
International Institute of Synthetic Rubber Produceré.

Four general issues seemed apparent in reading the CARB
review. |

First, mention is made of studies of tire manufacturing
populations. Thesé studies are essentially irrelevant for the
assessment of BD, as BD is not liberated during tire
manufacturing and is not a solvent used in those plants. At
least one of these studies had a small subcohort of workers
employed in the "éynthetic plant" where styrene butadiene rubber
(SBR) was made at times (McMichael i976). However, even for
these workers, it is unclear whether there was butadiene
exposure. There was, however, opportunity for exposure to
numerous potential confounding factors (e.g., benzene and other
solvent exposure, other elastomeric ingredients). Finally, in
the McMichael study, although the original publication reported

elevated lymphatic leukemia rates among workers in the synthetic
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plants (McMichael 1976), further studies by this research group
attributed these findings to solvent exposure, not butadiene (See
Checkoway 1984, enclosed). As Matanoski (1990) stated (referring
to Checkoway 1984): "In a subsequent study, these investigators
associated the leukemia risk with solvent exposure only and did
not mention a relationship to the SBR department."

Second, CARB makes reference to a variety of potential
health effects from BD exposure including: respiratory disease,
cardiovascular disease, and various non-lymphopoietic cancers.
Yet, there is general agreement that the only issue of concern
relates to lymphopoietic cancers. Mortality rates for other
causes of death are low for BD exposed subgroups in studies of
workers in SBR and BD monomer production across studies. On this
point, there has been universal agreement, both at the BD
symposium and at the OSHA hearings.

Third, the elevated SMRs for lymphopoietic cancers in
SBR and BD production involve short-term workers and not longer
term workers employed during the same time periods. This has
been termed the "Paradox of Butadiene Epidemiology”" in an article
by Dr. Acquavella (Acquavella 1989, enclosed). To many
scientists, this suggests no risk from BD exposure, but rather
the role of confoun&ing factors among short-term workers. Other
scientists have placed greater emphasis on the findings among
short-term workers, with the rationale that short-term workers
may have higher exposures than long-term workers. This seems

illogical since all long-term workers were, at one time, short-
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term workers. Therefore, long term workers haﬁe not only the
exposures characteristic of short-term ﬁorkers, but additional
exposure attributed to continued employment in the industry.
Relevant to this issue is a recent National Cancer Institute
study (Stewart 1990) which addressed the types of jobs in the
formaldehyde industry held by short-term versus long-term workers
and concluded: "The results from the comparison of job titles
suggest that workers who worked lesé than a year in these plants
did not, in general, hold different jobs than those who went on
to work for longer periods ofltime and the jobs did not have
higher exposure levels." Hence, the highest exposure groups in
BD studies are almost certainly the longer term workers, and it
is most logical to place greatest emphasis in eﬁaluating the
evidence for BD on the lack of elevated mortglity rates for long-
term workers. Thus, the available relevant data would not support
the posifion that butadiene is a human carcinogen.

Fourth, several of the referenced studies of tire
manufacturing or other non-SBR workers are incorrectly
characterized as studies of SBR workers..We will note these as a
part of our comments on specific issues contained in the draft

text.

Specific Comments

L3

P. 3-37: Reference is made to the McMichael (1976)
study as a study of workers at a single SBR plant. This is

incorrect. As McMichael clearly states in the first paragraph of
-3 -
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this article, this is a study of workers at a large tire
manufacturing plant.

P. 3-38: 1In discussing the McMichael study, confidence
intervals (CI) are given as 99.9% CIs. The footnote to Table 5
(p- 183) of McMichael's article points out that the method of CI
calculation is atypical and suggests more precision than is
warranted for the SMRs. For example, the SMR of 620 is based on
four cases and, if calculated in the standard way (see Rothman
and Boice 1979), a 95% confidence interval would be 166-1580.

The 99% CI would be much broader (99-1939) and likewise the 99.9%
CI (79-2096). Hence the CIs given for this study are misleading.
It would be clearer, at least for this study, to give the
observgd numbers so that readers can make their own judgments
about the precision of McMichael's estimates.

P. 3-39: Mention is made of the Ott study (Ott 1980)
as a study of 2904 workers at Dow Chemical SBR plants. Again,
this is an incorrect characterization of the employment of these
workers. As the title indicates, this was a styrene-based
products study, not a study of SBR workers. Only 391 of the
2,904 workers were employed in styrene butadiene latex, while the
remainder were employed in polystyrene and benzene alkylation
related units. CARB's review of this study and its implications
for BD are misleading because it neglects to mention Ott's

finding of no leukemias among the styrene butadiene latex

workers. Quoting from page 459:




"No cases of leukemia were identified from

the Dow styrene-butadiene (latex) production

plants." (Ott 1980)

Hence, the SMR for leukemia was 0 and the four leukemias
mentioned by CARB were unrelated to the latex operations.

P. .3.41: The document mentions the hematological
effects study by Checkoway and the conclusion thaﬁ the results
were suggestive of possible biological effects of unknown
clinical consequence. Several points should be mentioned in
CARB's review of this study. First; Checkoway also concluded
there was no significant difference between the twe groups (i.e.,
tank farm versus other) in this study and that the values for the
tank farm workers were within the normal range. This is
important information for evaluating possible hematological
effects of BD. It is aleo noteworthy that eeveral variables
.~ which affect hematological parameters were not contreclled in this
study including: smoking, body size, fasting, alcohol, and
exercise (see Rodger, et al. 1987). Differences in any one of
these factors could produce the sub-clinical differences in this
study. It is also apparent that the tank farm group consisted of
only 8 workers versus a comparison group of 145 workers. In the
small tank farm group, one person's values could have created a
slight difference in the group's mean values. )

Evaluatioh of hematological effects might also be
extended to consider the available data on SBR and BD monomer
worker mortality from non-malignant diseases of the blood and
. blood forming organs. For the largest SBR workers study, the
-5_
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findings for non-malignant diseases of the blood and blood
forming organs show fewer deaths observed than expected both for
the total cohort (5 obs, 7.2 exp, SMR = 70) and for mechanical
and process workers (2 obs, 4.1 exp, SMR = 48) (Matanoski 1988).
Thus, the evidence from this study would not suggest an excess of
non-malignant diseases of the blood or blood forming organs
associated with employment in the SBR industry.

P. 3.44: 1In discussing the Downs study, CARB concludes
that the authors found elevated SMRs for the lymphopoietic system
regardless of how the cohort was subdivided. Yet, this
conclusion, indirectly attributed to Downs, conflicts with his
own conclusion (p. 325), namely:

The patterns in Table IX for latency and

duration of employment are contrary to

expectation. If a carcinogen were active in

this environment, one would expect the SMRs

to show a positive relationship to latency,

_ and one would also expect the same pattern

with increasing duration of employment.

Neither pattern was present for either all

lymphohematopoietic cancer or lymphosarcoma.

P. 3-45: The conclusion of the epidemiology review -
that there is strong epidemiologic evidence for a BD-
lymphopoietic cancer association -- conflicts markedly with other
reviews on the topic (Acgquavella 1989, Ott 1990, Cole 1990,
Acquavella 1990, all enclosed). This conclusion is inconsistent
with the known lack of elevated mortality for long—-term workers

in butadiene related industries -- a situation unprecedented for

an occupational carcinogen.
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My name is John Acquavella. I am currently Senior .

Epidenmiology Consultant for the Monsanto Company in St Louis,
Missouri and am testifying today on behalf of the International
Institute of Synthetic Rubber Producers (IISRP). Until recently,
I was the Epidemiology Group Head for Exxon Biomedical Sciences
in New Jersey, where I worked for 6 years. Previously, I worked
in epidemiology scientific and management positions for the U.S.
Environmental Protection Agency (3 years) and the University of
California at the Department of Energy funded Los Alamos National

Laboratory (3 vyears).

I received my masters and doctorate degrees in epidemiology
from the State University of New York at Buffalo. During my

doctoral studies, I was awarded the Lilienfeld prize by the

Society for Epidemiologic Research - an annual award presented
for the outstanding paper based on research done toward the
completion of a graduate degree in epidemioclegy. My entire
professional career has been devoted to environmental and

occupational epidemiologic research in government and industry.

Since 1985, I have served as Epidemiology Committee chairman
for the IISRP. In that capaéity, I have coordinated the butadiene
(BD) epidemiologic research program funded by the IISRP members
and the BD moncmer producers worldwide. This program has
evaluated mortality rates from 1943-1982 for 12,000+ styrene

butadiene rubber (SBR) workers at eight plants in the U.S. and
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Canada - by far the largest BD cohort studied to date. During my
affiliation with this program, I have visited numerous BD
facilities - both monomer and polymer plants - to familiarize
mfself with the various types of industrial.processes, job
categories, personnel practices, and specific tasks performed by'
workers. I have visited facilities included in the NIOSH, Texaco,
and IISRP-sponsored epidemiology studies - the major studies

reviewed by OSHA in the proposed BD Rule.

I have published numerous articles on occupational cohort
and case contr61 studies, and several review articles - including
two articles on BD epidemiology. My curriculum vitae and the two
articles on BD epidemiology are being submitted with my

testimony.
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Executive Summar

My testimony will concentrate on the research program for
which I provided scientific oversight and reanalysis: the
international styrene butadiene rubber (SBR) worker cochort
mortality study (Matanoski 1988, Matanoski 1990} sponsored by the
International Institute of Synthetic Rubber Producers (IISRP) and
the related lymphopoietic cancer nested case control study
(Matanoski 1989). In addition, I will point out several factual
errors in OSHA's epidemiology review and important data that were
neglected (OSHA 1990). These comments will emphasize two points:
1) OSHA's conclusions regarding BD epidemiology resulted from
selective interpretation of the available data; and 2) the
available epidemioleogy studies d6 not suggest a dose response
relationship between BD exposure.and lymphopoietic cancer. In
these areas, I will show that the weight-of-evidence indicates

that BD is not an occupational carcinogen.

The IISRP SBR worker research program is by far the largest
and most significant for the assessment of human risk from BD
exposure &Matanoski 1988, Matanoski 1990). This study included
12,110 workers at eight SBR plants followed over a 40 year
period. The very low mortality rates found for these workers have

largely been ignored in OSHA's discussion of BD epidemiology.

Lymphopoietic cancer mortality for this large cohort was
lower than or consistent with general population rates. Specific

iii
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findings were: all lymphopoietic cancers (55 obser#ed (obs), 56.7
expected (exp), standardized mortality ratio (SMR) = 97),
lymphosarcoma (7 obs, 11.5 exp, SMR = 61), and leukemia (22 obs,
22.8 exp, SMR = 96). Analyses by Jjob category also showed low
mortality rates. Importantly, leukemia mdrtality was. not elevated
for the two job category subgroups with highest potential for BD
exposure -- production workers (7 obs, 6.4 exp, SMR = 111) and
mechanical workers (6 obs, 8.6 exp, SMR = 70). As such, the
overwhelming-évidenee from this study would not suggest aﬁ excess
of leukemia or any other cause of death associated with BD

ekposure or employment in the SBR industry.

The IISRFP program sponsored.further résearch into the
relationship between BD and lymphopoietic_céncers - a nested case
control study (Matanoski 1989). The findings and conclusions for
leukemia from the case control study were markedly inconsistent
with the low leukemia mortality rates found in the cohort study
of the same population (as discussed anve). That 1is, despite the
lack of a leukemia excess for this cohort, the case contreol study
found a significantly elevated odds raﬁio (OR) of 7.6 for BD and
leukemia. This discrepancy seems to reflect, in part, a deficit
of leukemia mortality among unexposed workers and more normal
mortality rates among exposed workers (Cole 1990). In addition,
my reanalysis of the case control data shows that the OR of 7.6
was based on a very selective analysis of the data;-This is

reflected by the marked decrease in the BD-leukemia OR which
iv
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results from minor changes in exposure categorization (i.e. from .
7.6 to 0.9) and by the irregular pattern of ORs by exposure

level. This important information was not presented or discussed

in the final report of this study, but undoubtedly contributes to

the discrepancy between the case control and cohort findings.

Several problems were also illustrated in the design,
execution, and analysis of this study, each of which would have
tended to exert a positive bias on the OR for BD and leukemia.
Therefore, until thege issues and the discrepancies between the
SBR worker cohort and case control results are resolved, the OR
estimates from the case control study should not be interpreted

at face value. Rather, emphasis should be placed on finding an

interpretation for the case control results that is consistent
with the lack of a leukemia excess for the SBR worker cohort

overall.

OSHA's review of the BD epidemiclogy literature appears to
have selectively cited data from individual studies, creating the
appearance of a relationship between BD exposure and
lymphopoietic cancer. This resulted primarily from focusing on
findings for one of many subgroups in specific studies and by
omitting conflicting data for other subgroups {often workers
doing the same or higher exposure jobs). OSHA also did not
consider the possible effect of confounding factors in evaluating

these studies, especially in the case of lymphopoietic cancer
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findings among short-term, but not long-term, workers. These
omissions precluded a scientifically balanced evaluation cof the
available epidemiologic evidence for BD. The consistent theme
across all the BD epidemiology studies - that lymphopoietic
cancer mortality rates were.not elevated among long-term workers
‘(Acqguavella 1990) - was not addressed by OSHA in their

epidemiology review.

OSHA developed an analysis of lymphopeoietic cancer mortality
by exposure level for two of the BD cohorts and concluded that
there was a dose response relationship. This conclusion resulted
primarily from erroré in classifying workers by exposure level
and by neglecting duration of employment in the exposure level
analfses. I present analyses to -illustrate these points. These
-analyses show that lymphopoietic cancer mortality was not
elevated for workers with the highest BD exposures and, in-fact,
show a pattern of lower SMRs in higher exposed workgroups. These
data are consistent with the viewpoint that BD exposure was not

related to lymphopoietic cancer mortality in these studies.

vi
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Introduction .

My testimony will concentrate on the research program for
which I provided scientific oversight and reanalysis: the
international styrene butadiene rubber (SBR) worker cohort
mortality study (Matanoski 1988, Matanoski 1990) sponsored by the
International Institute of Synthetic Rubber Producers (IISRP) and
the related lymphopoietic cancer nested case control study
(Matanoski 1989). In addition, I will point out several factual
errors in OSHA's epidemiology review and important data that were
neglected (OSHA 1990). These comments will emphasize two points:
1) the available epidemiology studies do not suggest a dose
response relationship between butadiene (hereafter BD) exposure
and lymphopoietic cancer; and 2) OSHA's conclusions regarding BD

epidemiology resulted from selective interpretation of the

available data. In these areas, I will show that the weight-of-

evidence indicates that BD is not an occupational carcinogen.

I. TISRP SBR worker cchort mortality study

The IISRP SBR worker cohort study included 12,110 workers
who were employed at least one year at one of eight SBR
facilities located in the U.S. and Canada (Matanoski 1988,
Matanoski 1990). The time period covered in this update of an
earlier study (Matanoski 1987) was from industry startup in 1943
through 1982. Mortality rates for SBR workers were compared with

mortality rates for the U.S. general population.
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A. Evidence of overall low mortality rates

The results of this study shéwed very low mortality rates
for SBR workers. Mortality was less than expected for almost
every cause of death, including: total mortality, cancer
meortality, lung cancer, lymphopoietic cancers, leukemia, and

lymphosarcoma

Table 1. Results of IISRP SBR worker study (Matanoski 1988)

cause of death obs exp SMR - 95% CI
all causes | 2441 3000.8 | 81 78-85
all cancers ' 514 606.6 85 78-92
lung cancer 166  198.4 84 71-97
lymphopoietig cancer 55 56.7 97 73-126
lymphosarcoma _ 7 11.5 61 24-126
leukemia 22 22.8 96 60-146

B. Evidence of low mortality rates by job category

Analyses of mortality rates for the four job category
subgrouﬁs (i.e., production, maintenance, utilities; and other)
showed 'a similar pattern of low mortality rates for each
subgroup. Moreover, as my subsequent analysis will demonstrate,
the SMRs by job category should have been substantially lower
than reported in this study due to a type of selection bias in
the analysis: selective omission of workers with very low

mortality rates (Acquavella 1989).
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Of most interest among the job category mortality analyses
were the findings for production and maintenance workers, the two
subgroups with the highest exposures to BD. As reported by
Matanoski (Matanoski 1988, Matanoski 1990), produétion workers
showed significantly low total mortality (594 obs, 676.6 exp, SMR
= 88, 95% CI 8;—95) and cancer mortality was not elevated (124
obs, 135.4 exp, SMR = 92, 95% CI 76-109). Focusing on specific
lymphopoietic cancers, production workers (blacks and whites
combined) had 7 observed leukemias versus 5.3 expected (SMR =
134, 95% CI 53-277), a non significant elevation. One 7
lymphosarcoma was observed versus 2.6 expected (SMR = 38, 95% CI

1-213).

Analyses for mechanical workers showed a similar significant
deficit for total mortality (937 obs, 1036.8 exp, SMR = 90, 95%
CI 85-96 - note this 95% CI was reported incorrectly as 85-106 in
Matanoski 1990) and cancer mortality rates that were not elevated
(198 obs, 207.4 exp, SMR = 95, 95% CI 83-110). There were
somewhat fewer leukemia deaths than expected (6 obs versus 7.1
exp, SMR = 85, 95% CI 31-184), along with fewer lymphosarcomas (2
obs, 3.7 exp, SMR = 54, 95% CI 6-195), although these findings

were not statistically significant.

C. Selection bias in the job category analyses

According to my re-ahalysis, the SMRs by job category would

have been substantially lower had the investigators not omitted
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2391 workers (approximately 20% of the cohort) due to partially
incomplete work histories (Acquavella 1989). Approximately 75% of
these omitted workers were.active employees at the time of the
study at one SBR plant. Matanoski acknowledged the potential bias

stating:

"The loss of person-years from the low risk group of recent,
healthy active workers may have artificially inflated the

SMRs related to work area"™ (Matanoski 1990).

Unfortunately, the mortality experience of this large omitted
subgfoup was not presented in the final report to help evaluate
the amount of bias in the job category SMR analysis. This may be
_becauSe the author, as quoted above, considered these workers to
be primarily short-term, recently hired, employees who would not
have contributed substantial numbers of expected deaths to the
mortality analysis. However, active SBR plant workforces are
actually heavily weighted with long-term employees. These workers
would have contributed substantial numbers of expected deaths to

the job category analysis had they not been omitted.

My calculations demonstrate that SMRs for these exclude&
workers showed strikingly low mortality raﬁes: total mortality
was only 38% of expected (161 obs, 422.1 exp), cancer mortality
was 46% of expected (42 obs, 90.5 exp), lung cancer was 22% of

expected (7 obs, 32.0 exp), lymphopoietic cancer was 57% of
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expected (5 obs, 8.8 exp), and there were no leukemias (0 obs, .
4.5 exp). Had these workers been included in the job category

analysis, as they should have been, the reported SMRs would have

been substantially lower. Thus, for example, the somewhat higher

SMRs for total mortality and cancer mortality among mechanical

workers compared with values for the total cohort (SMRs = 92

versus 81, 95 versus 85, respectively) give an estimate of the

bias for major causes of death due to these exclusions.

Moreover, the bias from these exclusions was much greater
for leukemia, since there were no deaths from this cause versus
4.5 expected among the omitted workers. Fortunately, this bias

can be easily "corrected® by estimating the additional expected

numbers of leukemias by job category and re-calculating the SMRs
using a "corrected" expected number of deaths. For example,
production workers were reported to have 7 observed versus 5.2
expected leukemias (SMR = 134). However, since production workers
contributed approximately 25 percent of the expected deaths for

the cohort, thé expected number of leukemia deaths (i.e., 5.2)

should be increased by approximately 1.1 (viz., 25% of the 4.5
expected leukemias). This yields a "corrected" SMR of 111 (i.e.,
7 obs, 6.3 exp, 95% CI 45-229) - a more accurate portrayal of
leukemia mortality for production workers than the SMR of 134
reported from this study. This "corrected" SMR indicates that the
leukemia rate for production workers was essentially identical to

the general population rate.
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Likewise, for mechanical workers, the reported leukemia SMR
of 85 (6 obs, 7.1 exp) is biased. Since these workeré contributed
34% of the expected deaths for the cohort, the "corrected"
expected number of deaths should be increased by 1.5 to yield an
SMR of 70 (6 obs; 8.6 exp, 95% CI 25-152). This indicates
leukemia mortality was 30% lesé for these workers than for the

general population.

Thué, leukemia mortality for the two subgroupé of SBR
workers with the highest BD exposures was only 87% ( a combined
13 obs, 14.9 exp, 95% CI 46%-149%) of general population rates.
This provides convincing evidence that 1eukemialmor£ality is not )

elevated among the two workgroups with the highest potential BD

exposures.

Unfbrtunatély, it was not possible to correct the SMRs for
other causes of death by jop category, which would be especially
useful for ﬁhe all and other lymphopoietic cancer categories. The
lreason is that job category is unknown for all workers omitted
from the job category analysis and this information is necessary
to apportion observed deaths by job category in a “correctéd“ SMR
analysis. However, it is clear that the SMRs by job category
should be considered to be overestimated and that this issue must
be considered when comparing the results for these workers and

other BD exposed populations.
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In sum, mortality rates for this large cohort of BD exposed
workers are very low overall and for specific exposure subgroups.
As such, the overwhelming evidence from this large cohort study
would not suggest an excess of leukemia or any other cause of
death associated with BD exposure or employment in.the SBR

industry.

IT. TISRP lymphopoietic cancer case control study

Dr Cole presented testimony on the study design, results,
and conclusions of the SBR worker lymphopoietic cancer nested
case control study (see Cole 1990 re Matanoski 1989). In this

review, he characterized the conclusions of this study - that

leukemia rates were seven to nine fold higher for exposed versus
unexposed workers - as strikingly inconsistent with the findings
of no excess leukemia mortality in the cohort study of the same
population (i.e., 22 obs versus 22.8 exp deaths, SMR = 96). He
offered an explanation for these seemingly inconsistent findings
and presented a supporting analysis: specifically, that unexposed
workers had lower leukemia rates than the general population,
while exposed workers had rates more similar to general
population rates. Therefore, since nested case control studies
estimate the ratio of rates for exposed versus unexposed workers,
the case control findings reflected primarily a deficit of
leukemia among unexposed workers, not a large excess among the

workers exposed to BD. This explanation would resolve much of the
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conflict between the results of the cohort and case control study
- the unifying conclusion being that leukemia rates were not

significantly elevated among BD exposed workers.

There are also some methodologic concerns regarding the
design, conduct, and analysis of the case_control study that need
to be considered -- each of which would suggest that the odds
ratio (OR) for BD exposure was either unreliable or biased. These ‘
include: |

e selective anal}sis of the BD exposure data,

¢ inclusion of ineligible controls, and

e differential treatment of control exposure histories.

These concerns came to light during my reanalysis of the case

control data, which were provided to me by the study's author.

A. Selective analysis of the BD exposure data |

The most important methodologic problem with this study was
the selective analysis of the BD exposure data. This selective
analysis masked striking internal inconsistencies in the OR

estimates related to BD exposure.

Most of the analyses presented in the study report
(Matanoski 1989) categorized workers as either exposed or

unexposed based on the mean of the 1ogarithms of the BD
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exposures. These analyses formed the basis for the conclusions
cited from this study. The report did not mention that an
analysis based on the actual, non-transformed, BD data, instead
of the leogarithms of the data, would have resulted in
substantially lower ORs - consistent with the conclusion of no
association between leukemia and BD exposure. I will illustrate
this point shortly. Furthermore, as Dr Cole pecinted out, other
standard methods of exposure categorization, and even exposure
level analyses, result in much lower estimates of the OR than the

log BD analysis (Cole 1990).

Logarithmic transformation of data is frequently used with
statistical procedures that require a normal distribution of the
data. The rationale given in this report for employing a
logarithmic transformation was "... due to the skewing of the
data." That is, the BED exposure data were not normally
distributed, and the investigators attempted to normalize the
exposure distribution. The advisability of this transformation
was guestionable for two reasons. First, textbooks oﬁ case
control methodology prescribe no such normality requirement for
the underlying exposure data used to calculate ORs (Rothman 1986,
Schlesselman 1982, Kleinbaum et al. 1982). Second, my analysis
found that the logarithmic transformation did not produce a
normal distribution of the BD exposure scores. All that was
accomplished was a shift in the criterion for dichotomizing cases

and controls into exposed or unexposed subgroups. In light of the
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questionable justification for the logarithmic transformation, it
would have been prudent, at a minimum, also to assess results for

the actual, non-transformed, BD expdsure data.

The following analyses illustrate the striking difference
between ORs calculated based on the logarithms (as presented by
the author) versus calculations based on the actual BD exposure
values (my calculations). Table 2, an unmatched analysis based on
the mean of the logarithms of the BD exposure data, shows a
significantly elevated OR of 5.2 (95% confidence interval (CI)

1.5-18.7), suggesting a strong BD-leukemia association:

Table 2. Cdds rétio based on the mean of the
logarithm of the BD exposure scores
not |
exposed exposed total
cases - 23 3 26
| OR = 5.2 (1.5 - 18.7)

controls 50 34 84

However, the same analysis based on the mean of thé actual
BD scores, without the logarithmic transformation, gives ‘
an OR of 0.8 (95% CI 0.3-2.2), indicating no BD-leukemia

association (Table 3):
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Table 3. O0dds ratio based on the mean of the
actual BD exposure scores
not
exposed exposed total
cases 8 - 18 26
OR = 0.8 (0.3 =~ 2.2)

controls 29 55 84
Matched case control analyses (which are more appropriate due to
the matched design of this study), computed by conditional

logistic regression models, show the same pattern of results:

analysis - mean log BD scores OR = 7.6 (1.6 - 35.86)

analysis - mean actual BD scores OR 0.9 (0.3 - 2.6)
Thus, the latter ORs based on the mean log BD scores suggest that
leukemia rates are 7.6 times higher among exposed versus
unexposed workers, while a similar analysis based on the actual
BD scores suggests leukemia rates are 10% lower among exposed
workers. The sole difference in these two types of analyses is
the arbitrary choice of an exposure value for dichotomizing

workers as unexposed or exposed.

Accordingly, it is unclear why the logarithmic
transformation was used in this study and why results based on

11
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the actual, non—transfofmed, BD scores were not presented. The
striking difference illustrated above suggests a large random
error component in the feported CR of 7.6 for BD and leukemia and
points out the unreliability of conclusions based on that result.

As Rothman has pointed out in his text (Rothman 1986, p 135):

"... the shift of a boundary in categorization rarely has a
substantial effect on the magnitude of an estimate and then

only because of a large random error component.”

In light of this variability, Dr Cole pointed out that an
analysis by exposure levels would be more informative and would
permit the evaluation of dose responée trends (Cole 1890} - a
criterion often used to help differentiate causal from spurious
associations. He presented such an analysis in his testimony in
which he distributed controls evenly by exposure tertiles - an
unbiased method of exposure categorization. These analyses
revealed an irregular }and hence unlikely) exposure response
pattern with a precipitous decline in the OR for the highest
exposure category (i.e., ORs 1.0, 5.3 and 2.3 for the lowest,
intermediate and highest exposure categories, respectively).
Clearly, there was no evidence of a linear exposure response
relationship. In fact, the marked decline in ORs from the
intermediate to the highest exposure category again indicates a
large random error component in this study. It also reinforces

the unreliability of the OR estimate of 7.6, upon which the
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author's conclusions from this study were based. Other
methodologic issues, discussed in the following paragraphs, also
" contributed to the surprisingly high ORs seen in the case control

study.

B. Tnclusion of ineligible controls

A second important methodologic concern is the failure to
adhere to the study's stated control selection procedures. These
were explicitly stated in the final report (Matanoski 1989, page

8, emphasis supplied) as follows:

"Controls were individually matched to cases on the
following criteria: plant, age, hire year, employment as

long or_ longer than the case, and survival to the death of

the case."

However, my anaiysis found 44 (of 84) leukemia controls were not
employed as long or longer than_ the case. After pointing this out
in a letter to the investigator, I received the following reply

(emphasis.supplied for the critical points):

"Controls who had been terminated could be matched to cases
by duration worked within 2-3 vears. (As noted, hire year
was already matched in these controls.) Controls were also
selected from those who worked longer than the case, and, in

this situation, the termination date of the case was

13
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assigned to those controls and measurement of exposure ended

on that date." (Matanoski 1989b)

It is obvious that this explanation describes a much
different control selection criterion than the original explicit
language ih.the study report (viz. employment as ldng or longer
* than the case). As such, it suggests that there were changes in
or confusion about the control selection criteria during the

conduct of this study.

Moreover, even this new explanation was not consistent with
the data.vaelve controls had durations of employment which were
‘more than three years different than the respective cases..In
addition, there was one contrcl who should not have been in the
.study at all. The worker had beén employed only six months at an
SBR facility; he did not meet the one year criterion for

inclusion in the base population for this study.

The presence of controls who did not meet the stated study
criteria is very surprising and reduces the credibility of this
study. This fact was never mentioned in the report of this study,
so it is unclear how this happened and why the control selection
criteria were not followed. It is also unclear how much the study
results were affected by deviating from thé planned control

selection procedures.
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C. Differential treatment of control exposure histories

A final methodologié issue was the different treatment
accorded to certain control exposure histories in the estimation
of BD exposures. Specifically, I refer to the procedure of
truncating exposure histories for controls who worked longer than
their respective cases; This procedure has the.effect of
overestimating the ORs in this study, as illustrated by the

following hypothetical example.

In figure 1, I have represented the duration of employment
for a case and his two matched controls. Exclamation points mark
the dates of last employment and, for illustrative purposes, I
have assumed the same date of first employment for the case and
the controls. Using the procedure employed in this study, the
control who worked a shorter duration than the case has his BD
exposure calculated for his entire employment history. But, the
control who worked longer than the case has his BD exposure
calculation truncated at the case's date of employment

termination, as indicated by the parenthesis in his time line.

-—— - —-——l case
- —_— 1 control shorter
____________________________ )-—-——-=—=——=——1 contrel longer

Figure 1. Employment time lines for a case and matched controls

15
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For illustrative purposes, assume all cases and controls

worked the same job in the same plant location (i.e., had the

same daily exposures) and had, on average, the same duration of
employment. Then the truncation procedure employed in this study
ensures that controls who worked longer than their respective
cases can have at most equivalent exposure; controls who worked
shorter durations than cases will (by definition) have lower
exposure scores. Accordingly, this method of analysis would yield
an elevated OR, even when there is no difference between case and

control exposures.

Therefore, the procedure‘of truncating control exposure
histories, as applied in the SBR case control study, would.
overeétimate the BD-leukemia OR. The amount of this bias would
increase as the difference in length qf employment between cases
and controls'(i.e; the matching interval) increased due-tp the
inclusion of controls with shorter and shorter, but not longer

and longer, employment periods for estimating BD exposure.

D. Findihgs for other lymphopoietic cancers

In contrast to the findings for ieukemia, findings for
lymphosarcoma (OR = 0.5, 95% CI 0.1-4.2), Hodgkin's disea§e (OR =
1.1, 95% CI 0.2-5.2), and other lymphatic cancers (OR = 1.5, 95%
cI 0.5-4.8) did not show a significant association with estimates
of BD exposure. This does not contradict the previous

demonstration of positive bias in the OR for BD-leukemia in this

16

P Ra T B
{

LA Wiy SO 900411



study; rather, it means that the ORs for these other

lymphopoietic cancers would have been even lower or unchanged had

the exposure comparisons been based on an unbiased method.

In sum, the findings and conclusions of the case controi
study were markedly inconsistent with the findings of no leukemia
excess in the cohort study of the same population. This
discrepancy seems to reflect, in part, a deficit of leukemia
mortality among unexposed workers and more normal mortality rates
among exposed workers (Cole 1990). In addition, the OR estimates
from the case control study have a large random error component.
Several problems were also illustrated in the design, execution,
and analysis of this study, each of which would have tended to

exert a positive bias on the OR for BD and leukemia. As such, the .

case control findings are problematic to interpret and should not
be interpreted at féce value. Rather, emphasis should be placed

on finding an interpretation for the case control results that is
consistent with the lack of a leukemia excess for the SBR worker

cohort coverall.

IIY. Comments on OSHA's review of BD epidemiology

OSHA's review of the BD epidemiology literature appears to
have been very sélective, focusing on isolated mortality excesses
for one of many subgroups (usually shorter-term workers) in
specific studies, while omitting conflicting data for other

subgroups and/or the overall study populations. The consistent
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theme that I found across all the BD epidemiology studies - that
lymphopoietic cancer mortality rates were not elevated among
long-term BD exposed workers (Acquavella 1990) - was not factored
into OSHA's assessment of the BD epidemiology. The selectivity of
OSHA's review precluded a scientifically balanced evaluation of
the available epidemioclogic evidence for BD. As my'testimony will
indicate, such an approach would not have suggested an excess of
leukemia or any other cause of death associated with employment
in BD-related occupations.

A. OSHA's assessment‘of dose response amondg BD workers

’ OSHA has concluded that the BD epidemiologic studies
consistently show increasing lymphopoietic cancer mortality with
increasing‘proxy measures for BD exposure as derived by OSHA-
(called exposure values (EVs)). The basis for this conclusion was
an analysis of SMRs by EVs for the BD monomer worker studj (Downs
1987, Divine 1990)‘and the larger SBR worker study (Matanoski
1988, Matanoski 1990). A careful examination of the evidence for
this conclusion shows that worker mortality does not increase by
BD exposure level. Rather, the Agency's incorrect conclusion

resulted, in part, from technical errors in comparing SMRs within

_these studies and, more so, from inconsistent exposure

classification of similar workers across studies.
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1. Technical errors in comparing SMRs
OSHA's evaluation of lymphopoietic cancer SMRs by EVs is

prone to confounding bias since SMRs are not directly comparable
between exposure groups within or across studies. As detailed in
epidemiology textbooks (Rothman 1986, Checkoway 1989), comparison
of SMRs is only valid when the underlying proportions of person
Years by stratification variables are identical (or nearly
identical). To illustrate this point, Checkoway gives an example
(Checkoway 1989, page 127) of two subcohorts with identical age
specific death rates and ratios of observed and expected deaths,
yet different SMRs (e.g., the SMR values in his example were 211
Vs 242). The difference results from the different age
distributions (viz. weights for age adjustment) of the two

subcohorts.

This example is directly applicable to OSHA's EV analysis,
since the different subgroups within the BD monomer and SBR
industries are comprised of employees with different levels of
seniority, skill, and prior work experience. Hence, it is almost
certain that the age distributions of the exposure subgroups will
be different. Therefore, any inferences about increased mortality
based on patterns of SMRs and EVs may be a function of differing
age or calendar year distributions for the respective worker |
subgroups. A more appropriate analysis would have been to compare

directly the lymphopoietic cancer rates for the worker subcohorts
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to see whether rates increase with increasing EV. Until this

comparison is made, valid conclusions cannot be drawn.

2. Inconsistencies in exposure classification

Apart from the issue of confounding, the EV analysis érred
by classifying mechanical workers inconsistently across studies
and neglecting an important determinant of BD exposure - duration
of employment. As detailed in the following paragraphs, when
either of these two factors is considered, there is no

concordance of SMRs and estimates of BD exposure.

OSHA's EV analysis classified mechanics into markedly
different exposure categories in the BD monomer (Downs 1987) and
the SBR worker studies (Matanoski 1988, Matanoski 1990).
Mechanics were classified in the monomer study as havinglthe
highest exposure rating (ER) (4 on a 4 point scale) and

occasional, but regular, frequency (F) of exposure (2 on a 3

point scale) resulting in an EV of 8 (i.e., ER times F). By

contrast, mechanics in the SBR study (called maintenance workers)
vere judged to have the lowest ER (1 on a 4 point scale) and the
least frequent exposure (1 on a 3 point scale), resulting in the

lowest possible EV of 1.

This cbvious inconsistency reflects a clear error in
exposure classification for SBR mechanics, since mechanics in

both these industries have many similar assignments which can
20
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involve BD exposure (e.g. repair of pipes, pumps, and other

equipment which contain BD). Without the unrealistically low
exposure classification for SBR mechanics, there would have been
no concordance of SMRs and EVs since mechanics had the lowest

lymphopoietic cancer SMR (i.e., 75) of the three SBR workgroups.

The Agency's EV analysis also misclassified utilities
workers in the SBR worker study (Matanoski 1988, Matanoski 1990).
These workers were classified as having the potential for highest
exposures among the three SBR workgroups (ER = 4} and non-routine
exposure (F = 2), when, in fact, monitoring data demonstrate thét
the vast ﬁajority of these workers (;;g;, boiler house operators,
water tower operators, refrigeration operators) have negligible

BD exposure (i.e., ER and F = 1). The only exception would have .

been pump house operators -~ a very small proportion of the
utilities subgroup. These pump house operators were incorrectly
classified as utilities workers instead of production workers (as
detailed in Matanoski 1990). So, the EV analysis classified
utility workers, who in fact have very limited exposure, in a
higher exposure category than production or mechanical workers.
This was critical to the purported correspondence of EVs and
SMRs, since utilities workers had the highest lymphopoietic

cancer SMR (i.e., 203) of the three SBR job categories.
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Thus, if SBR mechanics and utilities workers were classified
correctly, the pattern of SMRs by EVs in OSHA's Table 12 (page

32750) would have been:

Table 4. EV's and SMRs for all lymphopoietic cancers

SBR worker study (Matanoski 1990)

'Relative EV job group - SMR
1. utilities 203
2 - maintenance 75
3 production ' 146

reflectlng a lack of association between BD exposure and
lymphopoietic cancer SMRs. It also bears repeating that the SMRs
for all three subgroups overestimate lymphopoietic cancer

mortality, as discussed previously ({see section 1.C.).

3. Omission of duration employed in the EV analvses

A final significant oversight in OSHA's EV analysis is that
it neglected an important deterﬁinant of BD exposure - duration
of employment. It seems axiomatic that workers employed for
longer periods of time in specific job categories have greater
exposures than their short-term counterparts. To the extent
possible, this should be factored into OSHA's EV analysis. To do
otherwise is to dilute the estimation of risk for higher exposed

workers (with lower exposed workérs) and to omit an important
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check on confounding factors among short-term employees - i.e.,

whether SMRs increase with increasing exposure.

An opposing argument to this viewpoint (fregquently posed
when overall cohort SMRs are elevated, but rates do not increase
by exposure category) is based on the speculation that short-
term workers who leave employment had greater exposures than
short-term workers who remained in industry (viz. those who
became long-term workers). This very point was recently examined
by Stewaft and co-workers at the National Cancer Institute in a
comprehensive study of more than 26,000 workers in the
formaldehyde industry. These investigators found that short-term
workers held similar jobs in the plant to those held by workers

who went on to become long-term employees (Stewart 1990). In the

published account of this study, the authors concluded:

"The results from the comparison of job titles suggest that
workers who worked less than a year in these plants did not,
in general, hold different jobs than those who went on to
work for longer periods of time and the jobs did not have

higher exposure levels.

There was also no clear evidence that short-term
workers had consistently higher levels of exposure to
formaldehyde than long-term workers. In fact, in seven of

the nine plants the median exposure level to formaldehyde of
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short-term workers was the same or lower than that of long-

term workers."

Thus, the often guoted proposition - that shorter term workers
(who did not go on to become long-term workers) were
preferentially assigned the highest exposure jobs - seems to have
no basis in fact and has fhe effect of incorrectly equating the
known higher mortality among transient workers (Gilbert 1982},
most often a sociological phenomenon, to a “perception" of higher
workplace exposures. Stewart's findings support the impértance of
including duration of employment in the EV analysis to assess
risk accurately and to point out the potential effect of
confounding factors (e.g. prior ér subsequent exposures) among

short-term, lesser exposed, workers.

Only the BD monomer workers study (Downs 1987, Divine 1990)
presented SMRs by exposure category and duration of employment.

For these workers, by dichotomizing workers at 10 years

employment, the EV scale might be reformulated as follows: EV

exposure ievel x frequency of contact x duration of employment
(employed less than 10 years = 1; employed 10+ years = 2). In

that case, the EV analysis for the monomer workers (expanding

Table 8 of the OSHA summary, page 32746) would show the

following:
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Table 5. EV's and SMRs for all lymphopoietic cancers .

BD monomer workers study (Divine 1990)

Relative  Obs SMR
EV

Exposure - duration
low - less than 10 years 1 3 188
low - 10+ years 2 1 59
non-routine less than 10 years 3 7 167
routine less than 10 years 4 | 7 259
non-rouﬁine 10+ years 5 4 111
routine 10+ years * 6 1 56

Clearly, these data show no association between EV and SMRs.
Further, there is no indication of excess mortality among the .
longer-term employees in each exposure category (i.e., low, non-

routine, and routine).

In sum, OSHA's conclusion of a consistent dose response
relationship for lymphopoietic cancers across epidemiology
studies resulted primarily from errors in classifying workers by
exposure level and by neglecting to include duration of
employment in its exposure level analyses. These omissions and
errors created the appearance of a consistent trend of EVs and
SMRs in the BD monomer and SBR worker studies. Proper and
consistent classification of workers by exposure categories would

not have shown a pattern of increasing SMRs with increasing EVs
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and, in fact, would have indicated a paradoxical pattern of lower

SMRs in higher exposed workgroups.

B. Selective interpretation of the BD epidemiolodgy

Throughout the review of epidemiologic studies, OSHA
presented only isolated results that might be interpreted as
consistent with a BD-lymphopoietic cancer association. Specific
findings that would suggest no relationship between BD and .
lymphopoietic cancer were omitted. Results from the available
epidemiology studies should have been reviéwed more completely,
conflicting cobservations should have been detailed, and, at that
point, judgments should have been made to resclve conflicting
findings. The effect of ohitting conflicting observations was to
preclﬁde a scientifically balanced weight-of-evidence evaluation
of thé BD epidemiologic data. The selective interpretation must
be remedied to assess adequateiy human risk (or lack of risk)

among BD exposed workers.

1. BD monomer workers study

In discussing the study of BD monomer workers (Downs 1987),
OSHA misquoted the author's conclusions and incorrectly concluded
that lymphopoietic cancer mortality increased with increa§ing BD

exposure. Specifically, the Agency stated:

"Nevertheless, it appears as though SMRs for ALL LHC and

LSC/RCS increase as routine BD exposure increases. Downs, as
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well as other researchers, has drawn inferences from this .

data."™ (OSHA 1990, page 32747)

Yet, Downs had come to exactly the opposite conclusion stating:

"The patterns in Table IX for latency and duration of
employment are contrary to expectation. If a carcinogen were
active in this environment, one would expect the SMRs to
show a positive relationship to latency, and one would alsc
expect the same pattern with increasing duration of
employment. Neither pattern was present for either all

lymphohematopoietic cancer or lymphosarcoma.“'(Downs 1987)

In fact, OSHA's conclusion about increasing lymphopoietic

cancer SMRs with increasing exposure to BD was inconsistent with
data published on tﬁese workers, as summarized below from the
recent mortality update (Divine 1990). Clearly, as Drs Downs and
Divine both pointed out in their published articles (Downs 1987,
Divine 1990), there is no pattern of increasing lymphopoietic
cancer mortality with increasing routine or non-routine BD

exposure.
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Table 6. Lymphopoietic cancer SMRs for BD monomer employees

by exposure group and duration of employment (Divine 1990)

Duration
< 10 years
10-19 years

20+ years

< 10 years
10-19 years

20+ years

.< 10 years
10-19 years

20+ years

Routine exposure

obs/exp
7/2.7
0/0.5

1/1.3

5/0.6
0/0.1

0/0.2

1/1.2
0/0.1

0/0.5

ALL LHC

259

77

LSC/RCS

833

Leukemia

83

2. NIOSH SBR worker study

Non-routine exposure

obs/exp
7/4.2
3/1.6

1/1.8

1/0.8
0/0.3

1/0.4

5/1.7
1/0.7

0/0.8

SMR

167
188

56
125

250

294

143

In reviewing the NIOSH SBR worker study (Meinhardt 1982),

OSHA concentrated on leukemia findings in one of the two

identical SBR plants studied (plant A) - where there were 5

observed versus 2.5 expected deaths. Results from the contiguous

sister SBR plant (plant B) were excluded - a plant where there

was no leukemia excess (1 obs,
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This selective method of analyzing data was criticized

previously by OSHA in its analysis of epidemiologic data in the

Final Rule on Benzene (OSHA 1987). In that instance, OSHA stated:

"... the authors noted that the decision to examine
mortality separately for the two locations was not made
prior to initial analysis and